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What This Text Covers . . . 


1. Detec.tinc Defects is- Rotors . Pages 1 to 17 

Induction motors use either squirrcl-cagc or phase-wound 
rotors. Faults in squirrel-cage rotors are mainltj njcc/ianicfl/,- 
the only possihle electrical fault is an open circuit, which 
may be detected by a growler test and then repaired. Phase- 
wound rotors may have lap-wouixd or wacc-wound coils. 
The characteristics of lap-wound coils arc in Part 

I of this text, here you tcill learn about the tests which 
determine electrical faults in lap windings. The windings 
arc usually tested for grounds, open circuits, short circuits, 
coil reversal, and wrong number of coils. 

2. ClUBAC.TERISTKS OF WaVE WINDINGS PllgCS IS tO T1 

The meaning of front pitch, winding pitch, and 

short pilch of coi^^fcy^j ^iiB'S^ i/K/ing.y must be welt 
undcr.stood. The an irnportonf role 

in it^cnii/i/ing especially in deter¬ 
mining the I phase iSPPj. The 

SPP values dctcrmni^^^^SS^I'^ winding and make it 
povsiblc to use simpiified't^Sn^iT^r/diagrams together with 
connection tables and'chcclang-'Tables for each SPP value. 
Phase coils are easily recognized because of their extra 
insulation and. if used, should be placed at the end of 
pole-phase groiijis. 

Winding of W.avf.-Wovnd Rotors Pages 72 to lOS 

For easier winding of wave-wound rotors careful prepara¬ 
tions must be made and the groups of coils must be arranged 
in piles. .Most comp/icafion is caiiscrf by short-lead phase 
coils which have to be grouped properly before winding. 
The procedure of insulating the coils, placing the coils in 
slots, connecting the windings by clips, and finally /ja»j</ing 
the coil ends is explained in detail, and illustrated by several 
examples of actual winding jobs and applications of con¬ 
nection diagrams and connection and checking tables. A 
trouble chart for si/nc/ironons motors, listing faults and their 
remedies, is given at the end of the text. 
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A-C Motor Repair 

P.\BT 2 

Detecting Defects in Rotors 
Rotor Types 

Importance of Rotor 

1. TIjc repair of viators for a-c (alternating-current) motors 
was discussed in Part 1 of this text. Now P.irt 2 explains the 
repair of rotors. The \arious types of rotors and the possible 
defects and remedies are discussed, and the procedure for re¬ 
winding is presented in the order actually followed in a motor- 
repair shop. 

The rotor is the moving Of tbUAifig, part of the a-c motor. 
It consists of the core cbjjtffifWw mounted on a sliaft. 

Tlie rotor of an a-c inductkntrxiKftQr receives no current from 
the outside; the current'^ the rotor conductors is dtie to 
voltage induced by the ina$he£i^ ItQOS of force which cut the 
conductors. Tlie lines of force ;f(e those of a revolving field 
produced in the stator coils by application of an a-c voltage. 

Many essential operating characleristk-s of an induction 
motor depeml on the proper design of its rotor. Tlie repairman, 
tlierefore. must understand the basic principles of the various 
types of rotors in order to make proper repairs without dis¬ 
turbing the electrical balance Isetwecn the rotor and the stator. 

Squirrel-Cage and Wound Rotors 

2. Rotors used in a-c induction motors are constructed 
either as squirrel-cage or wound rotors. Both types consist of a 
laminated iron core mounted on a shaft, but they use different 
types of conductors. The c-onductors are also called inductors, 
bec'iiuse the\’ cany induced current. 

The conductors of the squirrel-cage rotor are solid bars and 
form a grid, or cage, which accounts for the name of this type 
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of n)tor. The bars arc sliorl-circiiitcd at each end of the rotor 
by short-circuiting rings. 

The conductors of the wound rotor consist of wound coils, 
similar to stator coils. The coils are connectctl into pliase wind¬ 
ings and then to the slip rings on the shaft. External variable 
resistors are connected to the rings to close the path of the 
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induced current. The wound rotor is also known as a piiasc- 
wound rotor or a variable-resistance rotor. 

Eacli of the rotor types has its ad\antages and preferred 
applications. Tiie repairman should be familiar with the char¬ 
acteristics and possible defects of each type. 

Construction of Squirrel-Cage Rotors 

•3, Tile modem stpurrel-cage rotor is simple and nigged 
bofli electrically and mechanically. For the larger sizes, a 
laniinaletl-iron ct>re is assembled on a cast-iron or weldcd-stec*! 
spider, «hich is then pressctl on a shaft and keyed. For the 
smaller si/os. the laminated-iron core may be pressc-d or slmink 
directly onto the motor shaft. On the large rotor shown in 
Fig. Ifo!. the conductors i-ftr^.solnl bars; heavy end rings 2 
short-circuit their ends^^^^‘ 

Among the means td fasten the bars to the end rings 
are Iwlts alone, solder aloMs both bolts and solder, keystone 
(.xinstnietion. closed coils, welding and casting the end rings on 
the liars, as shown in rbk.Tlie hi^i operating tcmpiTatures of 
the rings are likely to loosen bolls’ or solder. Tiie latest practice 
is to eliminate bolted and soldered joints completely, either 
brazing or welding the bars to the rings, or c-asting the com¬ 
plete conducting stroclnrc as one unit. When the conducting 
structure is cast as a unit, the metal is cast in place and sp<“cial 
alloys are used. 

High Resistance and Double Squirrel Cages 

4. For intermittent sersice rerjuiring high starting torque 
and only short nmning periods, such as hoist ser\ ice, the cage, 
or grid, of the squirrel-cage rotor is made of high-resistance 
matcTial. 

.\lso available are squirrel-cage rotors with double grids, 
one with low resistance and the other with higli rcsislanct. 
One elevator compan>’. for example, puts two complete grids 
on the same core; the outer one is of high resistance for start- 
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ing .kiul the inner one IS low resisMince for running. The 
transfer of current from one to the other is automatic. 

Phase-Wound Rotor 

5. The pliase-wound rotor shown in Fig. 2 has coils I 
wound into core slots in the same wav as stator coils. The coil 
leads 2 are brought out and connectwi to three slip rings 3 on 
the shaft 4. Tlie slip rings arc connected to a set of variable 
external resistors, tnot shown), so that the resistance of the 
rotor circuit can be varied at will. 

.\t the start, an incTcased rcsistanc-e in the rotor circuit 
reduces the starling current for a given torque. If this in¬ 
creased resistance is n<»t ctit out during the operation of the 
motor, it reduces the operating speed. reduction of the 
resistance increases the starting current and the speed. 

The mechanical construction of the wound-rotor core is 
similar to that of the squirrel-cage rotor core; that is. the core 
consists of iron laminations mounted on the shaft. 

The core of a wound rotor ma\- have partly closed or open 
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.slots, iuul tlie coils, like stator coOs, may be lap wound or wave 
wound. Tlirce or more slip rings are generally used. 

The windings of wound rotors arc practically always con¬ 
nected in three-phase star for tlirec-phase and two-phase 
stators. 

Lap Windings 

6. Rotors with lap-w<nind coils liavc partially eloscrl slots 
into which the coils are wound. For the ct)ils. slot insulation, 
and methods of winding, the same general principles of con¬ 
struction and procethire are followed as outlined for stators in 
Part 1 of this text. 

Wave Windings 

7. Induction motor yof a pp y^faMe size need large con¬ 
ductors to handle the waxvSDifoRSr^ a result, the relatively 
small slot space available Ac^^^^ntya few turns in the coils. 
The wave winding is iK'^-adaiHed to Uiese conditions and is 
now used evtensi% el>-. The Wav^ winding of an a-c rotor differs 
from that of a d-c (direct-citrren\'''armature. Since little infor¬ 
mation on a-c waxe windings is available for repairmen, the 
major part of this text will be devotc*d to wave windings, their 
connections, and repair. 


Repairing Squirrel-Cage Rotors 

Mechanical and Electrical Faults 

5. When any type of rotor is brought to a shop for repairs, 
it should first be inspected for mechanical defects, such as a 
bent or broken shaft, end play, a loose core, or unequal air 
gaps. Electric or ga.s welding and metal spraying are used to 
build up worn shafts, kex'xv.ays, or other loosely fitting rotor 
parts. It correction of mc“chanical faults does not improve 
motor operation, a check for electrical faults must be per¬ 
formed. 
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Electrical Faults in Squirrel>Cage Rotors 

9. Because the electric circuit of the squirrcl-cage rotor is 
c-onfinod t«) the bars in the slots and the end rings, electrical 
faults are also limited to these parts. The end rings short- 
circuit all the rotor bars. Therefore, the induct'd current flows 
from a bar under a nortli {Xile of the stator to one end ring, 
through that ring to a bar under a south pole, and then back 
through the other ring t«i the original bar. .\n electrical fault 
not evident on visual inspection must Ise found tlirough elec¬ 
trical te.st.s with the current path just described kept in mind. 

The main electrical faults in motors are a ground, a short 
circuit, an open circuit, or a wrong connection. Since the bars 
of most modern squirrel-cage motors are not insulated from 
their slots, there is. as a ,rule, no Stidi tiling as a ground. Be¬ 
cause the rotor circuit^Hwrtte \‘«y«it\)re is shorted, a short 
circuit is not a fault. 

The bars of some rofOOr. IsotijptoodeTTi bars of high resist¬ 
ance and old types of resbbuicc. arc insulated. If such 
bars become loose or gnnmdcd.-.-tliose of low resistance need 
not he reinsulated; they may merely be tightened by driving 
in strips of sheet steel. .^1! high-resistance bars, however, 
should be reinsulated witii care, especially for elevator or 
hoist service. 

There are also no faulty connections on squirrcl-cage rotors 
because there arc no coils to be connected. 

Open Circuits 

10, The only electrical fault possible in the grid work ot a 
squirrel cage, other than a ground on a high-resistance bar. is 
an open circuit. The cause may be a break in a bar or an end 
ring, or failure of the contact between a bar or two and an 
end ring. 

.^n open circuit in the squirrel cage would cause a low 
starting torque, heating of the stator and rotor conductors, 
and noisy operation. If the bond between an end ring and a 
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l)ar becomes loox* enuii(|;li to ihtuhI it gap at tliat point, serious 
areiiiK will result, biiminij tlic rin_ns. In testing the sound with 


a light hammer blow, any deviation from the chiiracteristie 
ring of tile metal means a break. This mechanical method. 


however, should be used merely to confirm the findings of the 
electrical test. 


Growler Test 

11. The growler test is the electrical method for detecting 
an actual open circuit in a squirrel-cage rotor or a poor con¬ 
nection between a bar and an end ring which may lead to an 
open circuit. The setup for this test is shown in Fig. 3. In this 
test the squirrel-cage rotor 1, removed from its stator, rests on 
a wooden stand 2. To make the test, place the growler 3 on the 
rotor, above each bar •/ in turn, rotating the rotor as required. 
Connect the growler circuit to an a-c source 5 through the 
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switch 6. Read the ammeter T in the growler circuit as each 
bar comes under the growler. .\n open circuit or a high-resist¬ 
ance joint will lower the usual current considerably. When the 
ammeter reads low, e.vamine carefully the bar under the 
growler, the parts of the end rings 8 in the circuit, and the 
connections lietween the bar and the rings. 

Welding. Soldering, and Brazing 

12. A small fracture in an end ring may be welded shut. 
If it is too large for welding, both end rings must be replaced. 
In order to keep the same full-load speed, the resistance of any 
ne\v rings must be the same as that of the old ones; an increase 
in resistance would lower the speed. If the connection beriveen 
any bar and an end ring is loose or broken, proper soldering 
or brazing \\ ill remedy the double. Brazing is merely solder¬ 
ing, with brass as the repfttr metal instead of a lead or silver 
.solder. Like brass, silver solder has a high melting point. 
joint or ring repaired with either brass or silver solder will 
stand a higher operating temperature after the motor has been 
returned to service than will one repaired with lead solder. 

Tlic most frequent source of trouble in the squirrel-cage 
rotor is the bond between the bars and the rings. Only a man 
experienced in such work should make or repair such a joint, 
.•\11 old-type soldered or bolted joints should be brazed or re- 
soldered with silver solder, whether or not the joints are defec¬ 
tive at the time of checking. 

Removing Rotor Bars 

13. If any bar or end ring is cracked or broken, or if for 
any other reason a squirrel-cage grid must be replaced, the 
end rings should be broken at some point and liien the joints 
between the bars and the rings should be heated with a torch. 
If the bars and rings are merely soldered or brazed together, 
tlie heat will soften the bond and the bars and rings ma)- be 
pried apart. .Any bolts or rivets, however, must first be re- 



ALTEBNATiNC-CunRENT MoTOJI RePAIB, P.ABT 2 


9 


1. end 

2. bars 

3. bra/ini! points 


in; HATS’l^lPllt . 

I I.. -t. to Kings 

niovrd with a lia(.'k.sa\«. ■offirt*'}. torch. A bar which 

lies ill a partly closed sict out witli the help of 

a steel drift. ’ •* 

Replacing and Reconnecting Rotor Bars 

11. After removin'' a squirrel cage that is in bad order, 
t.ike the dimensions of tlie defective parts and get nw parts. 
It is osually most satisfactory to order replacements from tlie 
manufacturer, especially when the nameplate with its informa¬ 
tion is still on tlie machine to help the repairman identify the 
proper parts. When preparing the order, clean the rotor slots 
and make sure that the slots are still clean when yon replace 
the b.irs. 

If the squirrel cage of the rotor is c-onstmeted as in Fig. 
I fi’. put the new bars in place first, driving them in as re¬ 
quired. Ikcanse no slot insulation is used witli most rotors, 
and because loose bars in any rotor will cause vibration, the 
bars nnist fit the slots snugly. A good deal of careful hammer- 
aig will therefore be necessary to get the bars into the slots 





10 


AlteR-vatixc-Ciubent Motor Repair, P.aft 2 


u'itliout damage to either the bars themselves or, more im¬ 
portant, to tlie rest of the rotor. 

Tlie bars may be attached to the rings by tlie bar-on-top 
method, shown in Fig. 4('aj, or by the bar-undemeath method, 
shown in (b). 

If the bars are laid on the rings, as in (a), the bond should 
be strengthened by brazing on metal at the ends. Each end 
ring J offers a smooth surface to which the bars 2 arc fastened 
im^chanically and then brazed at the points 3. A firmer con¬ 
struction is obtained by making the rings tiiicker and recessing 
them to receive the bars, then bolting or riveting the bars to 
the rings and brazing. 

Sometimes the bar-underncath method, shown in (b), is 
usetl. The end rings rest on tf»e bars and enclose the entire 
bundle of bars but are IMH open-«iidoil in any way. Tlie rings 
are merely slippctl o>‘er die ends of the bars and the rings 
and bars are brazed togedier at the points 3. 

Cast Squirrel-Cage Rotors 

15. In rotors with end rings or the entire squirrel cage cast 
from special alloys, such as the rotor in Fig. l(bj. look for 
cracked end rings or faulty joints between rings and bars. A 
faulty die-cast rotor c-an rarely be effectiseb- repaired and 
should be replaced by a new one. 

Electrical Faults in Lap-Wound Rotors 

Three-Phase Lap-Wound Rotor 

16. Rotor windings arc ver\' similar to stator windings. 
Tlies' are arranged in three phases, either star or delta, for 
two-phasr and three-phase stators. 

three-phase rotor winding is balanced and symmetrical 
in evers' way. It is more eonsenient and better in several ways 
than a two-phase rotor. espt“cially since its windings can be 
connected either star or delta. In some respects, it is cheaper 
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{o liiiiicl a tlireo-pIuNC rotor than a two-phase rotor. Without 
iloiibt. the torque of a thres'-phase rotor is more uniform in the 
\arious ]X)sj|ioi)s of the rotor than the torque of a two-phase 
rotor. single-phase rotor is not used, because it will not start 
vsitiiout some special starting dexict* since its torque is only 
pulsating iind not rotating. 

diagram of a typical lap w inding in a three-phase rotor 
is shown in Fig. 5. This rotor has twelve slots, J to 12. and 
tw elve coils. 1 t<» 12. and each slot carries two coil halves. The 
three phase windings are connected in star. Leads Oi. b,. and 
I'l of one end of the tliree phase windings are connected to 
the corresponding collector rings a. b, and c, and the other 
three phase leads Oj, and Ca are connected together to the 









12 


Alteuxatinc-Ciubent Motor Ret.air, Part 2 


star point Y. Tlic phase connected to the ring a, or phase A, 
contains coils 1, 4, 7, and 10 and leads fli and a;; phase B, con¬ 
nected to ring b, contains coils 5, 8, 11, and 2 and leads bi and 
}>:■; and phase C, connected to the ring c, contains coils 3, 6. 9, 
and 12 and leads c- and C;. The coil pitch is three slots. 

Starting Resistance 

17. The collector rings a, b, and c in Fig. 3 arc in contact 
with three brusht*s J3. The brush leads 14 are connected to an 
adjustable resistance. Tins resistance is used with a phase- 
wound rotor for starting and — if designed for the scr%ic'c — 
may also be used for speed regulation. 

The starting resistance closes the rotor circuit. In one ripe 
of motor, when the rotor ha$'i<30n)C't>p to speed the brushes 
are lifted from the rigj|*p|ifKt tWi aitgs. and therefore the- 
windings connected to' lltpni, are- short-circuited; this is the 
normal running conditioo. The ntictf.ssai\’ operations may be 
either automatic or manu^ in another method, the hnislies 
remain on the rings and the bru^l^ leads go to a starting rheo¬ 
stat. In starting, the resistance of U'ie starting rheostat is gradu¬ 
ally cut out until cimtacts on the starter sliort-circtiit the brush 
leads, thereby shorting also the outer ends of the three phase 
windings of the rotor. 

Fault Tests 

IS. Tlie coils of ever)' definite phase winding, whether on 
a rotor or a stator, are insulated from the core slots and from 
one another. Hence, the phase windings of the rotor of an in¬ 
duction motor are subject to the same elettrica! faults as the 
stator seindings of any a-c motor. If the windings have not 
been damaged badly, the regular tests for faults should be 
made. Before making any test. remo\e the brushes that bear 
on the collector rings, or put sheet insulation under them. Tag 
such insulation with a piece of paper tliat is large and brightly 
colored, so that you won't forget to take it out. 
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The tests for grounds, for open circuits, for short circuits, 
and for reversed coils may now be performed. 

Test for Grounds 

19. To test for grounds in a wound rotor, use the setup 
shown in Fig. 6(n\ The test circuit is connected to a d-c or a-c 
source 1 and contains a lest box. Megger, or lamp 2 and two 
test leads 3 and -/. The lest leads are placed across the shaft 5 
and one of the three collector rings, a. h. or c. Here the lead 4 
is .shown on the collector ring a. All rings and coils should 1 h“ 
insulated from the shaft, and the test should indicate high re¬ 
sistance to ground. If a test lamp is iisrtl. it will not light 
unle.ss there is a ground. A low reading on tlie Megger or a 
lamp lighting shows a groui|i‘4-If Uip t<-‘St indicates a ground, 
try smoking out its loc.t^i w p ti by hti i jt H i j(, die leads on for a time. 
If this does not workiVtil i}u“Slai‘ point of the windings to 
separate the pha.ses. WiU* one tes^ lead afill on the shaft, apply 
the other to each ring in turn. Tlie w inding that .shows a low 
resistance should be market^ f<)rrepair. 

Test for Open Star-Connected Circuits 

20. Botli star and delta connections arc likely to have open 
( ircnil.s where the phase leads are connected to the collector 
rings. T.ipi)ing the leads with the liand or trsing to pull them 
aw.iy from the ring will usually show up such a break. 

The setup of Fig. 6(b) indicates the test procedure for find¬ 
ing an open circuit in a star-connecU“d rotor winding. The 
windings are omitted from the illustration for simplicity. Tlie 
six leads «|. hi. h... Ci, and c- and the star point V are shown. 
With a lamp 2 in the circuit, put voltage from the source across 
llio star point V and each collector ring in liini. .\t the star 
point, use a test point 4 sharp enough to pierev the insulation. 
If tlie lamp does not light when the lead 3 is on a ring, either 
the phase winding connected to that ring is open or one of 
tlie leads is disc-onnected. 
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Legend eor Fig. 6 

1. test-supply sourre 

2. tfst bo\, Nlcficcr, cr lamp 
3, 4. test leads 

5. shaft 

6. ammeter 

7. s oltBH-ter 

H. transformer 

a, b, c. eoUector rinfis 
<1:, fli, hu b;. Cl. C;. phase-windinp leads 

V. star point 

ai Test for ground 

•/>' 'i'est for ojx-n circuit in star coimccfion 
Cl Test for open circuit in delta connection 
hi) Balance tot for short circuit in star conni'Clion 
'< > Bal.mci- test for short circuit in delta connection 

Alter you learn whicit phase is open, divide the winding in 
lialf to liK-ate the exact fault point. Tlie test knids should pierce 
the iiisiilatioii, which will of the conm'ctions un- 

iiccc.ssan-. Then, find t MniM positive indication is 

necessary inufnly to iq|j]ke|slite test ^xiints get clear 

through the insulation. Ne^.'Srcp'the'^ood part, continuing 
work on the bad one. Divide k jtt lioH in the .same way as 
licfore. (Continue this cKminatioa jwocedure tintil the fault 
point is loc-atc*d. . , ■ j >1 ( s 

Test for Open Delta-Connected Circuits 

21, If rotor winding is delta conni’cted, as in Fig. 6 ( 0 ). first 
trace out liie winding, identifying the leads and marking them 
so that each of the si.\ leads is known. Then cut tlie connec¬ 
tions between pba.scs so as to isolate each piiase. In the illus¬ 
tration. the actual cuts are not shown: they are outside the 
test leads. Tlie test lead 3 is .shown piercinc the insulation of 
phase lead a^, and the test lead 4. piercing the phase lead Ui. 
This setup, with the phase leads cut properly, puts the test 
leads across the pha.se winding A. 

Tr>- all the phases the same way. When a phase is found to 
be open, the elimination method will locale the exact fault 
point. More than one break in the same phase is possible, even 
thougli it is not usual. 
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Growler Test for Short Circuits 

22, Tu test for a short circuit in a part of a coil, or in an 

entire coil, use the same growler method used for locating de¬ 
fects in the stator winding or in llie grid of a squirrel-cage 
rotor. Move the growler slowly over the rotor coils, watching 
the aminetcT. \\’hen the ammeter reads high, the coil under 
the growler is sliorted. .\ shorted coil becomes hot under the 
current induced in it by the growler, and may often Iw located 
by touch. If a wiiolc coil is .shorted, some wire outside the coil 
is at fault. To find this wire. g<i over the winding carefully, 
prying apart ever)- pair of wires that ctoss and examining 
them. Sometimes a loose particle may cause at least a tempo¬ 
rary short circuit when the rotor is up to speed and not at 
.standstill. , ' I 

Balance Test for ShortCb55fs' 

23. If a whole pole-phas^^MHip coils is short-circuited, 
the balance test will determine the^^eirt circuit. Tlie setup for 
a balance test of a sl;u-coriiK«*f<i^T6f is shown in Fig. 6('d>. 
The test circuit with the test Icads-^ and 4 contains an ammeter 
6 and a \ oItmetcT T. and reduced line voltage is provicU^d by a 
transformer S. Full line voltage, which would be correct for a 
stator balance test, would bum the rotor. 

Test lead 4 is pushed into the star point; lead 3 goes to 
ring h. With lead 4 at the star point and the voltage constant, 
put lead 3 on the other rings in turn, reading the current for 
cacli phase. For correct operation of the motor, all pliases 
should have the same current, although exact values are not 
so neccssarx' as they are with the stator. high current means 
a short circuit. Tlie exact location of the short should then be 
found and the winding repaired. 

corresponding setup for the delta-connected winding is 
sliown in Fig. 6(c). Tlie phase windings are first scp.jrated 
xvherc two leads meet, such as at the connection between c- 
and and then the test leads are applied to o-j and fli, across 
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tlu' pluise A. The test is made similarly lor the other two 
phases. Cnrrenls in all phases should be equal. If they are not. 
find and repair the part or parts of the winding re.sponsil)le for 
the short or shorts. 

Compass Test for Coil Reversal 

24. Tl'.o compass test will locate a reversc-d coil for a phase- 
wound rotor in exactly the same way as for a three-phase 
.stator. Send through each phase, in turn, a direct current that 
is about o percent of the normal full-load alternating current of 
tlie rotor. Him a compass slowly around tlie periphen.' of llie 
rotor surface. Kveiy time the compass needle draws parallel 
to the rotor shaft, mark an arrow on the rotor laminations, 
pointing in the same* direeUon^-JS ^he needle. If three arrows 
ill succession point in the middle arrow and 

its coil are rc*xersc*d. To c^TfC't yJf&uH. it is necessary only 
to interchange the leatlstlf^p-iieiTTied, coil, which is easily 
dune. \ -3^ 

Test for Reversed Coil Group 

23. He\-ersc<l coil groups occur in rotor winilings as well as 
in stator windings. ICitluT the balancv test or the compa.ss test 
will detect them. Like a shorted coil, a reversed coil group 
permits a liigher ctirrenl through its phase, .\fter finding the 
pha.se with tlie reversed coil group, trace out the \xinding to 
find the reverstxl leads and correct them. 

The reversal of an entire phase comes alwut for the phase- 
wound rotor in the same way as for the stator. Tlie reversal of 
a phase is caused by an interchange of phase leads. Tliis makes 
the direction of the current through one phase always the 
opposite of what it should be. To correct the trouble, reverse 
the faulty leads. 

Wrong Number of Coils in Phase 

26. The wTong number of coils in a rotor phase oc-curs just as 
it does in a stator winding. When one phase has a c-oil or more 
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loo many, another phase has too few e-oils. Tlic extra coils give 
the one phase winding too high an impedance, taking the e.xtra 
amount from tlic other ph;xse winding. Hence, tiic balance test 
will show too low a current in the one winding and too high a 
value in the other, .\fter finding the high phase, trace out tlje 
w inding with the help of a winding diagram until you find the 
wrong coil connection. Remember that c«>il,s connected wrongly 
may not all be in the same part of the rotor winding, 

If a tt)il in any phase is not connected into the ciraiil, tlie 
flfcct on that phase will be the same as if the coil had been 


connected into a wrong phase. In a delicate balance test, the 
phase with coils omitted will have too high a current. How¬ 


ever. if (hat phase has a large number of coils and only one is 
not connected, an ordinary Ijt&anct* <e>t will not detect the 
diiference in ctirrent Such a situation re¬ 
quires a check of the coil and a count of the coils. 

Tlie. omitted coil, wlteir«tofS^.j^^d(f be connected in its 


circuit. 


Characteristics of fT'ave IT iiidiiifis 


Pilch Values of A-C IVave Windings 

Importance of Wave Windings 

27. Many electrical defects are substantially the .same 
whether the windings are a-c or d-c. lap or wave. In addition, 
liowes er. there are some faults peculiar to a-c wave windings. 
Determining the causes of these faults requires a good working 
knowledge «>f the fundamental principles of this winding. 
Many defects that the repairman is c-alled upon to correct 
conic from wrong changes in the connections made bv some¬ 
one not familiar with wave windings. When a certain hoist 
motor would not pull its rated load after repair, for example, 
c.xamination showed tliat the phases had been connected 
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1. t<>|> coil 

2. bottt)m coil >idc 

3. top lead 

4. bottom load 

5. clip 

l.T. 13. 19.24. ^lot.<. 

(ul NN’iivo cod 

ih) W'avc-coil pitcho mcacurcd iii 5lot> 
Kif.. 7. PiicHb' Fon A-C \Vc\e Wixdinc. 


Uiijetlier internally, thus sliorting out the external starting 
resistance. 

Since the wave winding has many advantages o\er the lap 
winding, it is used increasingly in a-c induction motors. The 
principles of a-c wave w indings are, howes cr, both unique and 
complicated: they are also highly important to the repairman. 
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niercfore. these windings are discussed hero in detail. First, 
tlie motor repairman should become familiar with the charac¬ 
teristics of a-c wave windings and with the most practical 
methods of preparing connecting and working diagrams by 
using connecting and checking tables. 

Coils for Wave Windings 

2H. Wave windings on a-c rotors consist of coils similar to 
the c<iils in d-c wave windings. The coils are U shaped at the 
back of the core Inil have open ends at the front, like the one 
sliown in Fig. 7lc:. Like most wave-winding coils, the coil 
.sh«)wn is Icft-h.ind wound so that the left coil side i is the top 
lialf of the coil and the right coil side 2, the l><)ttom half. The 
top coil lead -3 and the boUot[|l.^n|}<;ad -i are bent outward, or 
away from the coil sid<^are connected to 
leads of «)ther coils in the series of coils around 

the core. Wlien the rohw is fully ilie windings look like 

waves of leads, tliercfore the name e winding." 

Back Pitch . ’ 

29. In wave windings on a d-c niacliine one inu.st distin- 
guisli iH-tween the coil-lead pitch and the commntator-bar 
pitch. The coil-lead pitch is tlie number of slots between the 
sides of one ct)il. It is determined by dividing tlie ’.otal number 
of slots by the number of iwles. Tlie coinnnitator-bar pitch is 
tlic mimlHT of commutator bars between the leads of one coil. 

In wave windings on a-c machines, liie ctiil pitch has a 
somowliat different meaning. 

Each coil of an a-c wave winding is almost always all in 
one piece in tlie back of the armature and the sides span a 
number of slots. Tiie distance is set nuehanically by the shape 
of tiio c-oil. The distance spanned by the coil in the back of 
tbe armature is tlie back pitch of the a-c wave winding, and 
is found by dividing the total number of slots by the number 
of ]>oles. In this respect it is the same as the coil-lead pitch on 
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d-c niacliines. Iti Fig. T(/>i arc rcprcscjjt«l t^^o coils of a 
2-l-sl()t rotor of a -4-polc motor. Tlic full lines I indicate the top 
sides of the coils, and the broken lines 2, their bottom sides. 
Tliis jiiethod of representation will be nsed in all diagrams in 
this fe\t. Tile first coil occupies slots 1 and 7 and the second 
coil occupies slots 1-3 and 19. The slots are not shown but only 
indicatcxl by a numeral. Only slots occupied by the two coils 

are indicated. The back pitch of each coil is ^-r^- = 6 slots. 

* 1 poles 

or from slot 1 to slot 7 and from slot 13 to slot 19. 

In a wave winding, the back pilch is the same for all coils. 

Front Pitch 

30. Since the a-c wa\ e wiijdiafi does not use a commutator 

as does the d-c indin g^'ffe «»ds of the coils must be 
connt*cted together to ^'I!Pj(|&',1^^SIP^Sjes of coils. The num¬ 
ber of coils in series such a series is equal to 

half tlie number of polei.i^if^$^^^^£fhis kind goes around 
the core once. Several sqctvSerf^^^ieups. make up the total 
phase winding. . . - 

In the winding shown in Fig. 1(h), the bottom lead i of the 
first toil emerges from slot 7. liending away from the coil 
ciTitcr and reaching three slots, or one-half the hack pitch, to 
the right. Tlie top lead 3 of the second coil emerges from slot 
13. bending away from the coil center and reaching three slots 
to the loft. The two leads from slots 7 and 13 are I<K-ated very 
close and are connected together hy a clip, or connector, .5, 
which places the two coils in series. Tlie span betwetm the 
liottom coil side in slot 7 and the top coil side in slot 7 is called 
the front pitch of the wave winding. In this winding the front 
pitch is 6 slots, or the same a.s the back pitch. 

Winding Pitch 

31. The back pilch and the front pitch of a coil, both e.\- 
pressed in slot.s. must be added in order to pick up the slot 
needed for the next coil in the coil group. 
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The sum of the back pitch and the front pitch, expressed 
in slots, is called the winding pitch. In Fig. ~fb), the winding 
pitch of the first coil is 6 — 6 = 12 slots. 

When the winding pitch is expri-ssed in slots, it is equal to 
the total number of slots on the core dixidcd by the number of 
pairs of poles, or one-half the number of i>olcs. For example, 
for the rotor in Fig. T(h.), with 2 pairs of poles the winding 

pitch is equal to = 12 slots. It is the distance, in rotor slots, 

lK‘tween any two stator poles of the same polaritx-. \\1icn the 
winding pitch is an even number, the back and front pitches 
are the same. In Fig. TihK for example, the winding pitch is 
12, and the back pitch and the front pitch are each 6 slots. 
When the winding pitch is an 'bdd;munlH-r. the back pitch has 
one slot more than the iVi frT example, the winding 

pitch is 17 slots, the back pilch Is 4 slots and the front pitch 
is S slots, ’ 4. 

Tlic winding pitch maj'^also J^def^ermined as the distance 
bctx\ een the end of the two leads of one tx)il. as indicated in 
Fig. ~fa). Tlie distance, in slots, is the same as the distance, in 
slots, obtained as the sum of the back and front pitches. 

Short Pitch 

32. .\s already mentioned, in a-c \s ave windings a series of 
coils encircles the rotor core. Tlic number of coils in such a 
scries is equal to one-half the number of poles. .A.t the end of 
such a series, the front pitch must be shortened one slot in 
f>rder to keep the series from closing on itself, regardless of 
whether the winding pitch is odd or even. For c.xamplc. in 
Fig. T'h). the scries of txvo coils encircles the core. If the front 
pilch of the second coil were six slots, like the full front pitch 
of the first coil, the next .series of coils would again start in 
slot 1 and close the circuit around the rotor. To continue the 
series instead of closing it. one slot must be dropped from the 
front pitch. The pitch between the bottom lead from slot 19 
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and the top lead from slot 24 i.s therefore only fi\ e slots, or a 
short pitch. The common abbreviation for the short pitch is SP. 

sln>rt pitch ahvas s comes at the end of a series of coils and 
the sories ends one slot short of the startiny; p«)inf. Tliis makes 
the s'ave wiiulin^s retrogressive. All a-e svase uindings an* 
letrogres.sive. 

In order to have a proper connec-tion of coil leads at a 
short front pitch, the .span of the top lead and that of the 
bottom lead of the coils to be connected most each be short 
ened one-half slot. When the coil conductors are light, the 
reiwirinan can shape the leads as he goes along. Heavy con 
doctors, however, must have special coils with shorter leads 
Some of these coils will have sliprt top leads, others will have 
short bottom leads; they, wID,fie placed in tlie proper slots to 
form a short pitch whefln^^uifedb^*^ 

Slots per Pole per 

33. Tlie diagrams industry to show coil- 

lead locations, coils piti^r cojfector-ring connections, coil 
grouping, short-pilch groupingr and similar matters for a-c 
rotor windings of the wave type have heon more complicated 
and difficult to trace out than diagrams of lap windings. 
simple and practical method of preparing and interpreting 
connec-tion diagrams for wa\-e windings will Ix' used in this 
text. This method has been built up around the \ahie of .slots 
per pole per phase for each wave winding. The term “slots per 
ix>le per phase" is of priman.' importance in the connection of 
wave windings. Tlie ctimmon abbrexiation used for this term 
is SPP. 

If tlie total number of slots on a rotor, or a stator, is divided 
by three times the number of poles, the quotient will give the 
SFP for the wave winding. For example, the SPP of a 120-slot 

rotor of a lO-pole motor is = 4 slots, or 4 SPP. 

o X iU 

In usual commercial practice, the SPP values var>' by half 





'I'oiAi. Ni'Miinii or Slots rou I'iiuiik-I’ii.ssk Wavi: Winihnos wiiii Vahious NoMiitits or l’oij:s 
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slots, from 2 to 8, such as 2 SPP. 2j SPP, 3 SPP, on up to S SPP. 
The integral SPP values are 2, 3, 4, 5, 6. 7, and 8, and the frac¬ 
tional SPP values are 24, 3i, 44. 54. 64, and 74, The term "slots 
per ijolc per phase" is used in stator as « ell as in rotor windings 
if thc\- are wave wound. 

For all windings with the same SPP value, regardless of the 
iiumher of poles and slots, the winding pitch and the short 
pitch are the same. Tltis fact should be kept in mind through¬ 
out the following discussions. 

Total Number of Slots Determined by SPP 

34. Tliere is a direct way to find the total number of rotor 
slots if the SPP and the number of poles arc known. Since the 
rotors are assumed to have tliree phase windings, multiply 
SPP by three times the ntimber of pdes to determine the total 
number of slots. For e\amf>]e, in the 10-pole 4-SPP motor, the 
total number of slots is X 10 = 120 slots. This is just 

one of mans- ways in the SH* value is helpful in the 

study of wave N\ indings. 

For each value of SPP. there are sc\ cral jmssible combina¬ 
tions of stator poles and total number of rotor slots. For e-\am- 
ple. 2 SPP can be obtained with 24 slots and 4 poles, or with 
.36 slots and 6 poles, to name a fi-sv of the many combinations. 
The total number of slots in three-phase a-c wave windings 
with v.irioiis numbiTs of poles is given in Table I for commer¬ 
cial values of SPP from two to eight, in steps of one-half slot 
per jxile. and for 4 to 24 poles, in stetis of two poles. Tliis table 
applic.s only to three-phase wave-wound rotors. Table 1 is a 
highly important summaiy. a master table. To a pcTSon who 
knows liocv to use it, this table tells far more than just what 
the headings and figures present. For this reason, it is more 
than a reference table, iuid is worth considerable stud)- 

Connection diagrams for some of the windings listed in 
Table 1 are given in this te.\t. Tlie numbers of the illustrations 
in which these diagrams appear are given in the table, as well 
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as the numbers of C'onnection tables and checking tables used 
to prepare the dtagiams. 

W'lien possible changes in the number of poles are con¬ 
sidered, for the purpose of changing speed or frequency, 
Table 1 may be helpful. For example, the table shows that 96 
slots can be used for a 16-polc winding with 2 SPP, for an 
S-pole wintltng with 4 SPP. and for a 4-pole S-SPP winding. 
Similarly. 12(1 slot.s can be used for a 20-pole 2-SPP winding, 
a 16-ptilc 21-SPP winding, a 10-pole 4-SPP winding, and an 
S-p<ilc 5-SPP winding. 


If the total number of slots of a rotor divided by three times 
the niimlxT of poles does not give one of the listed val;ie$ of 
SPP. the rotor iN not suitable jot. wave windings. For c*xainple. 
a iO(i-slot rotor i» not su^^lq^ 1 ^-irole motor Iretausc the 

SPP - 3 ' ts'tie^Or 3 nor 31. .According 

to Tablf 1. 2(X) slots ate uwl atrfta}>^e fcff jjny usn.al combination 
of poles and SPP for ihfeejpha^ji^s^^Avindings. 

Winding Pitch Determined by SPP 

35. .\s was tnenlfoned before, the winding pitch is deter¬ 
mined by dividing the total number of slots by half the 
numWr of poles. Apply this ndc to the rotors with various 
numbers of slots for various numbers of jwles listed for the 
value 2 SPP in Table 1. For example, for a 24-slot 4-pole 

•’4 

conibination, the w inding pitch is ^ = 12 slots; for a 36-slot 


36 

6-po!c combination, it is -;r- = 12 slots; for a 4S-slot S-pole 

combination, it is ^ = 12 slots. It is easily seen that all rotors 

with the \ alue 2 SPP have the same winding pitch of 12 slots, 

regardless of the number of poles. For the value 2i SPP. the 

- , , 30 slots ^ 45 slots 

same fact max" be proved: ;— = lo slots, 

2 poles 

sluts, and so on. 


3 poles 


= 1-5 
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It can also be seen that the winding pitch is always six 
times greater than the SPP. Tlius. we have the rule: Multiply 
SPP by six to determine the leinding pilch. 

Since the winding pitch is the same for all windings with 
the same SPP. a single connection diagram can be made to 
cover all the c-ombinations of slots and poles that result in the 
same number of slots per pole per phase. 

If the winding has an integral SPP value, the winding pitch 
always has an even number of slots, and the back and the 
front pitch have the same number of slots. If, however, the 
winding has a fractional SPP value, the winding pitch always 
has an odd number of slots, and the back pitch has one slot 
more th.m the front pitch. For example, a 3-SPP winding has 
a winding pitch of 6 and the back pitch is 9 

slots and the front pit^Jrjj^'sktt*. !tt a winding with SPP. 
the winding pitch is X '3A = 21 .slots, and the back pitch is 
11 .slots and the front i>*tch fs ow slot shorter, or 10 slots. 

Tlie short pitch is always one slot shorter than the front 
pitch. regardl(.*ss of the number of poles. 

Tile fact that the winding pitch for a rotor with a sclec-tcd 
SPP value does not depend on the number of jwles is one of 
the main characteristic's of a-c wave windings. The same back 
pitch and the same .short pitch mean that the same coils may 
he used and the same pattern of winding. Tlie number of 
jX)les may be changed simply by reconnecting the same coils 
in their original slots. 


Phase Leads 

Sections of Wave Windings 

36. .Another charac-lcristic of a-c wave windings is that 
the windings arc dix'ided into six sections which form separate 
circuits. Since the windings consist of three phases, each 
phase is divided into two sections, each of which consists of 
several coils connected in series. 
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For correct cOTnection of wave windings, first, indi\idual 
coils must be connected in series to form a closed circuit in 
each section, and second, the six sections must be properly 
connected to the collector rings or to the line. The way the 
sections are selected depends on the most convenient location 
of their end leads. 

To av oid errors, standard s>-mbo!s are used for the end leads 
of these six sections. There are 12 free phase leads in each 
winding. The three phases are A. B. and C. The free lead at 
the beginning of the first section of phase A is .Aj, or lead No. 
1. the line lead, which is always a bottom lead. The free lead 
at the end of the first section of phase .A is Ax. or lead No. 3, 
which is alwav’s a top lead. The free lead at the beginning of 
the second section of phase A is or lead No. 4, which is 
always a top lead; and.and load is or star lead, which 
is alwav’s a bottom lead. 

Similarly, in the remaining pluses B and C. tliere are leads 
Ri. Cl. B.i, Cj, B*, C 4 , B-. aod C». 

Clips and Crossconnectors 

37. Tlie six sections of the three phases of a wave winding 
consist of coils connc*cte<l in series. Each coil occupies two 
slots, but each slot contains one bottom side and one top side 
of a coil or two conductors. Thus, there are as many coils as 
there are slots in the winding. For a selected value of SPP and 
total number of slots, the pitch of the coils is fixed. When 
all coils have been placed in the slots, each slot contains a 
bottom and a lop side of a coil and there are two rows of leads 
around the core, the bottom leads and the top leads. 

Tliesc leads are joined by clips, or connectors, so that the 
coils are connected in series in each of the six sections. It is a 
practical feature of the wave winding that a bottom lead and 
a top lead which are adjacent can be joined in the clip placing 
their two coils in series. This can be done with all leads be¬ 
tween coils except the twelve free leads of coil sections. The 
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use of dips on adjacent leads reduces the use of cross con¬ 
nectors, or reversing jumpers, to a minimum. Cross connectors 
are necessarj' only to connect leads No. 3 and No. -1 of hvo 
sections if the two sections should be connected in series. 

Tile reduction in the number of cross connectors makes 
the wave winding much more desirable than the lap winding, 
and is the main reason wiiy wave windings arc preferable. 

Star and Delta Connections 

3S, With the twelve leads of an a-c wave winding, four 
different c-onnections can be made: series star, parallel star, 
series delta, and parallel delta. 

The tabular part of Fig. S indicates the anangcmiont of 
jihase leads for the four connectio&s. The sixth column shows 
which phase leads are ta Ij^^naESfifa^^ogether by the revers¬ 
ing jumper that joins tbt- Wo^iteeflons of each phase in a series 
connection. ' __ 

The diagrams (a), (hh XcJi and in Fig. S form a gtiide 
for tlie connections of the sLs sections in the four i>ossible 
types of connections indicated in llic tabic in Fig. 8. Leads A\. 

B, . and are considered the line leads because they are 

connected to the line or to the slip rings. Leads .A., /i., and 

C. are the star leads, which are connected directly to the 
common star point in series-star and parallel-star connections. 
Leads No. 3 and No. 4 within a phase arc connected together 
b> rex’crsing jumpers, or cross connectors, in series-star and 
series-delta connections, as indicated by broken lines in (a) 
and (a. In parallel-star and parallel-delta connections, leads 
No. 3 and No. 4 arc connected a.s shown in (b) and (dj. Tliere 
are no reversing jumpers in parallel-star or parallel-delta con¬ 
nections. 

.All tlirec-phase wave windings have six sections. Tliis fact 
can be used to detect unwanted connections, or interconnec¬ 
tions, as follows: Consider the winding to have all clips in 
place and to have unconnected only the 12 phase leads, that is. 
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the tlirce line leads, the three star leads, and the si\ reversint;- 
jumper leads. To see \^hether the clips on the other coils have 
been placed correctly, hold a lead from a test lamp on lead .Ai. 
toiichinu all the other leads in turn. Only leads Ai and Ay. 
should show a complete path for the current. Similar testing 
of the other leads should show connection only between the 
following pairs: Bi and Bi. Cj and C 3 , A< and A*. B, and B*. 
and (.'4 and C-. None of the other pairs of leads should have a 
completed path for current between them, because they do not 
belong to the same sections. 

Grouping of Free Phase Leads 

39. .Another important feature of wave winding is the 
location of the phase leads. The tsvo sections of one phase can 


32 .\i.ter.vating-Cl'hrent Motor Rep.aib, P.^rt 2 

be selected so that tlieir four free ends appear close to each 
odier for easier identification. The rotor sliown in Fig. y illus¬ 
trates the grouping of free phase leads. It is a 120-sIot rotor of 
a 10-pole motor. The leads /ij, Aj, and A. for phase A are 
grouped ^^’ithin a short distance^ as shown at the upper left of 
the rotor, fiiinilar groups of leads arc visible for phases B and 
C. The three groups are spaced 120 deg ^degrees) apart. 

When a motor repairman receives the rotor, he must first 
locate and mark tlie 12 phase leads. The rest of the leads are 
then easy to check or reconnect. The location of phase leads 
and the number of clips between them indicate the location of 
short pilclu*s (SP) and the determination of tlte SPP value. 
Once the SPP value of the rotor has been determined, tlie re¬ 
pairman will have c-nough information to prepare a connection 
diagram. 

The clips connecting coils within the sections are visible all 
around the periphery of tlie rotor in Fig. 9. The three star leads 
A-. R*. tUid C* are the easiest leads to identify because they are 
connected to the common star |)oint and are bottom leads. 
Once the lead A- is found, the repairman looks for leads with¬ 
out clips within a short distance of A.. .\s seen in Fig. 9, there is 
one bottom lead and two top leads without clip.? close to A-. 
The bottom lead must be the line lead, or A;, because the No. 1 
lead is always a bottom lead. The tsvo top leads are Aj and A*. 
The leads of phases B and C are similarly identified. 

De'.ermining SP 

40. In Fig. 9 three clips are \isible between Aj and .Aa. and 
between A. and .A,. Tliesc clips indicate the .SP connections in 
the windings. There arc two places in each phase where the SP 
connections are grouped, as will be seen in the winding dia¬ 
gram. Tlie groups of SP connections are designated by SP-J 
and SP-2 for phase A. SP-3 and SP-4 for phase B, and SP-5 and 
SP-6 for phase C. Tlie number of clips in each SP group indi¬ 
cates the number of SP connections, but it does not indicate 
the number of slots in the short pitch. 
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The number of dips in the SP connections is important to 
the repairman because if gives an indication of the SPP value 
for this rotor. 

Deicrmimng Slots per Pole per Phase 

Determining SPP from SP 

41. Examination of any fully connected a-c wave winding 
will easily determine the number of slots per pole per phase. 
First locate any group of phase leads; such leads are always 
grouped in two bottom leads and two top leads, as in Fig. 9. 
Each phase group starts at a single bottom lead and ends on a 
single top lead, with two Iead& in between. Tliese two inner 
single leads arc spaced from the l^ads at each end of the group 
by a number of clips ISan the SPP. 

For example. C. is three and C- is three clips 

from Cl. Hence, the nUfirtJS-'STsJ^, jiolc per phase for this 
winding is 3 — 1 = 4 slots.' 6ft’4_SPE», - 

M’hen there is an integral nufnber of slots per pole per 
phase, the number of elips l)etween leads No. 1 and No. 3, and 
betxseen star lead and lead No. 4 in each phase, will be the 
same. Therefore, in wave windings with integral SPP. the num¬ 
ber of clips at any SP plus 1 equals SPP. For example, in Fig. 9. 
all SP groups have three clips, and the SPP value is 3 -r 1 = 
4 SPP. 

For a fractional number of slots per pole per phase, such as 

or 3i, the number of clips at SP-1 will be one more than the 
number at SP-2. To find the SPP, add together the numbers of 
clips at SP-i and SP-2: to the sum add two, and then divide this 
total by two. For example, if a rotor has 3 clips in group SP-1 

.\nd 2 clips in SP-2, the SPP value is - ~ ~ = 34 SPP. This 

method is perhaps the simplest way to find fractional values 
of SPP. 

Of course, this same rule works also for an integral number 
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of SPP. In Fig. 9, for example, the SPP value can be found as 

3 .4. 3 4- A 

—— -t SPP, as has been found before by simpb- adding 
one to the SP clips. 

.\ positive check on the number of slots per jxile per phase, 
for any rotor winding, is the number of clips between any No. 3 
lead and star lead of the phase, such as C., and C.. The number 
of clips bcltccen the .Vo. 3 lead and the star lead is alwaijs 
ecpial to lu:ice (he value of SPP. For example, in Fig. 9, there 

s 

are S clips between Cs and C., or = 4 SPP. 

.An>- tliree-phase wave winding can be classihed in regard to 
SPP by examining the phase-lead groups and counting the clips 
between them. Once the SPP lias been established, other char¬ 
acteristics. such as the or the number of slots 

in the winding pitch, back pitch, and short pitch, are easily 
determined, as cxplained,^^^fef ^^thisiext. 

More Than Two Conductor*^ 

42. The rules about counting the clips iiold good for wind¬ 
ings bas ing two conductors, or coil sides, per slot. The winding 
in Fig. 9 has two straps in parallel in each coil side, but both 
straps are in one lead, and are therefore considered as one con¬ 
ductor. If. on some c.xperimcnta! machine, a multiconductor 
cable were used in the same way, its many strands would also 
be considered a single conductor. 

Unless otherwise specified, windings with two conductors 
per .slot are assumed in discussions in this text. 

There arc. howeser. many windings with four. six. or eight 
conductors per slot, which means two. three, or four conductors 
per c-oil. W indings with more than two electrically distinct con¬ 
ductors per slot have more clips than windings \nth two con¬ 
ductors per slot, in fact, as many times more as tlicre are pairs 
of conductors per slot. So, when counting the clips in an SP 
group to find the SPP, the number obtained by appKing the 
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regular rule miisl be divided by half the number of conductors 
l>cr slot to obtain the SPP value. 

Assume, for example, that in a rotor with six conduetors per 
slot, the number of clips in .SPo is 8 and the number in SP -6 
is 5. .Apply the rule of adding 8-5-2, and divide tlie siim 

§ — 5 — .A 15 

by 2, or — - - = ,. This value is not the SPP value, because 

there are six conductors i>er slot in this rotor. Divide y by " to 
obtain the SPP. or SPP = ^ ^ 3 = | = 2A slots, or 2J SPP. 

A positive check may be made for the SPP value if the clips 
between lead No. 3 and the star lead in a phase are counted. 
Twice the number of clips is -Uie SPP value if tliere are two 
conductors per slot. If. bowe:i|^.. arc more than two con¬ 
ductors per slot, the refSI^I^af^S^^regtilar rule should be 
divided b>- half the nurobOT-C^^^ ^u ctor t per slot. 

In the pres iously there will be 15 clips 

between C. and C.. The rule'^ves the value but this is not 

tlie SPP xaluc. Divide it by ^ to obtain the SPP, or SPP = 

- 5 - 3 = ^ = 2^ slots, or the same as obtained when counting 
clips in SP groups. 

■All these rules are highly important to the practical repair¬ 
man; memorizing them will save time in the long run. 

In order to eliminate calculations, Table 2 lists the actual 
number of clips at SP groups in windings with 2. 4. 6 , and S 
conduetors per slot for SPP x alues from 2 to 8 . The txvo columns 
under the heading “Two Conductors per Slot” indicate the 
same number of slots as other diagrams and tables in the text. 
Tile other columns give the clips for 4, 6 , or S conductors per 
slot. The correctness of the calculations may be ciiecked against 
Table 2. For example, for the 2^ SPP obtained in the example 
in this article, the table gives, in the column “Six Conductors 
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TABLE 2 

Nvnjher of Cui’> at the Short-Phth Points 



Two 

per Slot 

Four 

Conduct oft 
per Slot 

Six 

Cooducton 
prr SlM 

^ Eight 
Conducton 
per Slot 

sr 

1-3-S 

sr 

2-1.6 

sr 

l-l-S 

sr 

2-J-6 

sr 

l-J-S 

sr 

2-4-6 

sr 

1-3.5 

sr 

2-4-6 

2 

1 

1 

3 

3 

5 

5 

7 

7 

21 

rt 

1 

5 

3 

8 

5 

11 

7 

3 

2 

2 

5 

3 

8 

8 

11 

11 

3J 
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< 

5 

11 

8 

15 

11 

4 

3 

3 
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11 

11 

15 

15 

4: 

4 

3 
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7 

14 

11 

19 

13 

3 

4 

4 

9 & 

14 

14 

19 

19 

5» 

5 

4 

U.J 


17 

14 

23 

19 

6 

5 

3 




17 

33 

23 

6> 

6 

3 



ao" 

17 

27 

23 

7 

6 

6 

iT, 

13^ SO 


27 

27 

7i 

7 

6 

15' ^ 


. S3 

20 

31 

27 

8 

4 

< 

13 

IS'." 

23 

33 

31 

31 


per Slot." S dips in tiie SP-5 group and 5 dips in the SP-6 
group, as assumed in the example. 

On tlie other hand, if the SPP value is known, and the num¬ 
ber of dips in the SP groups should be determined. Table 2 is 
again ver>- practical, because it gives the desired number di¬ 
rectly and eliminates the calculations. 

Ex.\.\iple 1. A rotor with 6 conductors per slot has 2 SPP. 
How many clips arc in each SP group? 

Soi.moN. Multiply the SPP by half the number of conductors 

g 

per slot, or 2 X - = 6. Since the SPP is an e\ en number, subtract 1 
from the result, or 6 — 1 = 5 clips. .\ns. 

Check: Table 2 gi^■es the value 5 for 6 conductors per slot and 
2 SPP. 
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I to 24. 

A,. A], A^.A.. iih4*t leads 

SP-l,SP‘2. ihoft-pitch sroupn 

Ftc. 10. Complete Diack^m or One IHi-ase on Wave-Wovnd Rotor 

Example 2. A rotor Avith 8 conductors per slot has 5i SPP. 
How maiiy clips arc in each SP group? 

S 0 H.T 10 S-. Multiply the SPP by half the number of conductors 

s 

per sli>t, or 54 X ;;j = — = 22. Siitce the SPP is a fractional value, 

multiply the ri-sult by 2. and then subtract 2; thus. i22 X 2' — 2 
= -42. This is the total number of clips in SP-i .md SP-2 together. 
The difference in clips is equal to half the number of conductors 
per slot, or -4 clips. Find tsvo numbers which, added together, give 
42. with one four higher than the other. These numbers are 23 
and 19. So. SP-1-3-5 each haAC 23 clips and SP-2-4-6 each have 
19 clips. .Ans. 

.Again, Tabic 2 gi\es these values directly for 54 SPP and S 
c«)nductors per slot, eliminating all calculations. 
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Connection Diagrams and Tobies 
Complete Diagram 

•i3. Before tlie simplified way of presenting connection dia- 
grams for a-c wave windings is discussed, it will be beneficial 
to study a complete diagram of a wave winding, .^fter studying 
the diagram of actual coil positions and connections sliomi in 
Fig. 10, the simplicity of the connection diagrams used in this 
te.vt will be more fully understood and appreciated. The dia¬ 
gram in Fig. 10 shows a 2-4-slot rotor for a 4-pole motor. It is 
one of the simplest possible windings because it uses the lowest 
applic-able number of slots and poles. .And yet, it would be hard 
to follow if all the coils and connections were shown. Thus, only 
one phase is shown, fully wonod, with all the coils, leads, and 
connections. The slots XO ;wmatkcd by numbers 1 to 24 

counterclockwise around tlltf fotor. Im- coils arc all left wound; 
that is. the left side (full line; is iho top side of the coil and the 
right side ihrokcn lino) js the bottom side. Since there are 24 

24 ' 

slots and 4 poles, the SPP = 5 -;—a,? 2. Tlie back pitch of coils is 

^- = 6 slots, the front pitch is 6 slots, and tlie short pitch is 5 

slots. Tlic arrows indicate the sequence of coils within a phase. 

The bottom lead emerging from slot 1 is always selected as 
tlie line lead .Ai. The first coil occupies the bottom of slot 1 and 
the top of slot r. The top lead from slot 7 extends away from its 
coil for 3 slots and ends ver>- dose to the bottom lead from slot 
13. which belongs to a coil in slots 13 and 19. and also extends 
3 slots away from slot 13. Tlic two adjacent leads from slots 7 
and 13 are connected by a clip, and so their two coils are in 
series. The top lead from slot 19 should be shortened and con¬ 
nected to a shortened bottom lead from slot 24 to make a front 
pilch of only -5 slots, or a short pifcli SP-l; otherxvise the circuit 
would close itself through the two coils and would be connected 
to A:. The two coils circle the rotor once, and now the second 
series around the rotor begins. 
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Tlic coil wifh bottom side in slot 2-i lias its top side in slot 6. 
and its lead is eonneclcd by a clip to the bottom lead from slot 
12. The top side of the c-oil with one side at the bottom of slot 12 
is on lop of slot IS. and its lead is left free as the end of tlie 
first section of phase A. Hie first section consists of two series of 
coils aniuiid the rotor, cacli series having two coils. 

Tlic second sectnm of phase .\ starts with the free lead A,, 
whic'li is the top lead emerging from slot 12. Tlie coil with the 
top side in slot f2 has its bottom side in slot 6: the bottom lead 
from this coil is connected by a clip to the top lead from slot 21. 
Tlie coil with the lop side in slot 24 has the bottom side in slot 
1 S. and its bottom lead is again shortened to mak<' a short fnjnl 
pitch SP-2. because this is the end of the first series in the sec¬ 
ond section of phase .A. <Jip^DaRii«ts the bottom lead from 
.slot IS to the top lead fr^^^ ^. g^jO^-o il with top side in slot 
13 has its bottom sidejSi JiftH'im lead is connected 

by a clip to the top lead The-coil willi the top side 

in slot 1 has its bottoiiv^t^Tn bottom lead from 

slot 79 is the free star Ieact^^.»-^)lis-4ea'd ends the second sec¬ 
tion of phase A. which con5jst!>_‘7tF two coil serie.s. each witli 
two coils. 

Reversing Jumpers anci SPP 

44. In the winding shown in Fig. 10 all connections between 
coils have been made by clips which connect the adjacent leads. 
If the winding is to be series-.star connected, as in Fig. S/ai. the 
leads .A .1 and .A, must be connected Iw a reversing jumixr The 
jumper is shown by a heavy lino in Fig. 10. This is the only 
jumper for phase .A. and the entire winding will need only three 
reversinu jumpers. .As mentioned Iscforc, reduction in the num- 
hcr of jumpers is one of the main advantages of the wave wind¬ 
ing over the lap winding for a-c windings. 

Assume that the rotor in Fig. 10 is fully wound with all coils 
in place and all clips and rcs ersing jumpers connected. Try to 
determine the SPP and other data by counting clips according 
to the prec iously explained rules. 
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TABLE 4 

Cun Mxc Table eoh Two Slots, per Pole per Phase 


NiiiDhcr 

of 

Slow 

Ntjmbcr 

of 

Poles 

PoUr- 1 

.»• i 

C ! B 

A 

Phase 


•1 


o 

4 3 

2 

1 

Z 



• 

11 

10 9 

8 

1 

6 



• 

IT 

16 1-5 

14 

13 

12 




2-3 

22 21 

20 

19 

IS 

36 

6 


29 

2S 27 

26 

25 
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.33 

-34 33 

32 

31 

30 

4^ 
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41 

40 39 

38 

37 
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47 

46 45 

44 

43 

42 

60 

10 


53 


50 

49 
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.56 

.55 

54 


12 

1 

1 

9 

. r'O »1> 

62 

68 

61 

67 

60 

66 

S4 

14 
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74 

73 

72 

96 

16 

1 
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T 

S9 

■SS.*'>T 

SO 

86 

79 

85 

78 
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94 • ' 93 

92 

91 

90 
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9.5 

97 
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20 

• 
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116 
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.I.T 
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144 

24 

T 

1.37 

136 1.35 

134 

133 
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r 

143 

142 141 
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139 
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First, it is seen that the four phase leads for phase A are 
grouped close together (the same would be true for all other 
pluises'. Between Aj and A,; and between A. and Ai there is 
only one clip. Since the SP group always contains one less clip 
than SPP. the SPP value for this winding is 2 SPP. positive 
check would be to count the clips between .A-j and A*. In Fig. 
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10 there is room for four clips between these two leads. If all 
coils were wound in place, there would be four clips from 
phases }i and C between .Aj and .A*. One-half of this number is 

the SPP. or ^ = 2 SPP. So, by double-checking the clips, it has 

been cstablishcxl that the winding in Fig. 10 is based on 2 SPP. 

From the SPP value it can be determined that the winding 
pilch is 6 X 2 = 12 slots, which may be verified in Fig. 10. Since 
the winding pitch is an even number, the hack pitch and the 
front pitch must eacli be fi slots, which is also visible in Fig. 10. 
Kach short pitch is 6 — 1 = 5 slots. 

Connection Diagrams 

45. When the SPP value of u wave winding is known or 
.selccfctl. tile connection-diaUjtlfns maj-' he simplified. The con¬ 
nection diagrams in Fig*, ll- thrMigh 16 are samples of dia¬ 
grams ba.>ed on SPP saltu'sared aPomost practical for a-c wave 
wiiulings. Tiiey are disujrafra fo* SPP values of 2. 3. 3J. 4. 3. 
and 6. These diagrams do not indicate Uie slots or slot numbers. 
beA-atLse tile same diagrams may he applied to any wave w ind- 
ings witli the sami' .SPP values, regardless of the number of slots 
and poles. Kach diagram represents windings with the same 
winding pitch and the same short pilches. The positions of the 
four phase leads and SP groups are shown for each phase, indi¬ 
cating in a general way the pattern of winding. When the pat¬ 
tern is known, it is not necessarx- to have a complete diagram of 
all slots and coils like the one in Fig. 10. 

A simplified connection diagram for the winding in Fig. 10 
is .shown in Fig. 11. This same diagram applies equally w ell to 
any w inding with 2 SPP and any combination of slots and poles 
indicated in Table I. Tlie back and the front pitch is 6 slots and 
the short pitch is 5 slots. 

.\ connection diagram should be prepared for each repair 
job. .As shown in Fig. 11. the connection diagram actually con¬ 
sists of three diagrams, one for each of the phases, .A, B. and C. 
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TABLE 6 


Checking Table fob Three Slctts ieh Pole i-eb Phase 


of 1 ol 
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Tiic diagrams can be small, so that when the>' arc drawn for all 
three piiases one abo%‘e the other, the witole layout should still 
be of a convenient size. In all diagrams in Figs. 11 to 16, the 
full lines indicate tlie top sides of the coils and the broken lines 
indicate the bottom sides. The arrows indicate the instan¬ 
taneous direction of current in the windings. The two-in and 
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nne*out arrow dieck is used througiiout the series. A small 
ellipse encloses conductors, or coil sides, that are in the same 
slot The four pha.se leads are marked dearly at the bottom of 
each phase diagram, so slots that contain leads can easily be 
found merely by tracing a lead up to its slot. 

.\11 the connection diagrams used in this text are made for 
left-hand coils. Since it is assumed that the slots arc numbered 
i-ounterdockwise around the rotor, in the connection diagrams 
in Figs. 11 to 16. slot 1 is always the last slot at the left of 
A-pliase group and the slots are counted from right to left. 
Lead Ai is always the bottom lead from slot J and comes from 
the left-hand side of the slot. 



When there are more than t\so conductors per slot, the top 
leads are taken from the top cooductoi at the right-hand side of 
the slot. The bottom leatte WK tak«B Crani the bottom conductor 
at the left-hand side. The besi-wAy to k«p these facts straight 
is to memorize them. 

Connection Tables 

46. The connection diagram.s- become even more useful if 
they arc used together with connection tables, such as Tables 3, 
5. 7. 9. and 11. Eacli of these tables faces the connection dia¬ 
gram Willi wliich it is used. 

For a specific job. it is not enough to know only the general 
pattern of the windings given in the connection diagram; the 
slots from which the phase leads emerge must also be deter¬ 
mined. For each possible pole-and-slot combination, the con¬ 
nection tables indicate tlic slots for the 12 phase leads and the 
number of clips in the SP groups. Table 3. for example, supple¬ 
ments the 2-SPP connection diagram in Fig, 11. so that a com¬ 
plete diagram, like the one in Fig. 10. is not needed. 


The data in the first two columns in Table 3 are the same as 
those in Table 1. Tlien. in Table 3, the numl>er of slots is given 
for each of the 12 leads, with the bottom leads and the top 
leads indicated. The arrows in front of the slot numbers for 
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leads A], Bi, and Ci correspond to the seqxience indicatcil by 
the arrows on the connection diagrams. For example, the arrows 
for leads .Ai and Ci point upward, or into the winding, and the 
arrows for Bi point downward, or out of the winding. 

Of the last two columns under the heading "Short Pitch, 
.Number of Clips.” the first column gives the clips in groups 
-Sf-J, SP*o. and ST-5 — or, in short, SP 1-3-.5 — and the second, 
in groups SP-2, SP’4. and SP-6 — or SP 2-4-6. Tlie need for two 
SP columns arises from the fact that in windings witli fractional 
values of SPP. the groups SP 1-3-5 have one more clip than 
groups SP 2-4-(i. as e.xplaincd in .\rt. -11, Tins is true, of course, 
for windings uitli two conductors per slot. In windings with 
more than two conductors per slot, the rules e.xplaincd in .Art. 
42 should l>c applied. ' ‘ 

Consider, for exaii)pi9,'«'lO-pole-t0O-slot rotor, series-star 
connected, that has d itindiiClors per slot. Table 1 

indicates that the cotnieofJons for 2 SPP.nre given in T.ihle 3. 
Tins table show s that pliase A leads aro in tlic following slots; 
A, in slot 1. -A. in shsl .5.5. A:; in slot 54, and so on across the 10- 
pole line of the table. .A better way to list tiiese figures for 
actual use is as follows; .Ai-B7. A—B55. A:t-T5l. At-T-lS'. and 
so on. Here the letters B and T stand for boltom and top. 

In both SP columns, the numeral 1 appears; hut for 6 tx)n- 
ductors per slot, according to Table 2, there will be 3 clips in 
each SP group. 

The method of checking the clips in the SP serves also as a 
check on the correct location of the various phase leads. In the 
example just given, leads No. 1 and No. 3, and leads No. 4 and 
star leads, in each phase should be 5 clips apart. 

Use of Connection Tables 

47. To illustrate the use of Fig. 11 and Table 3, let us 
consider the 2-SPP winding in Fig. 10. Usually, the winder sees 
the rotor fully wound and does not know any of the winding 
data except the number of rotor slots, which he obtains b\- 
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counting. Then he has to establish the SPP value from the rotor. 
.Assume also that there arc two conductors per slot, Tlie winder 
can determine this fact \ istiaUy. 

The winder will find one clip in each SP group and 4 clips 
between each No. 3 and star lead. Me will conclude that the 

SPP = 1 — 1 = 2. or by positive check, SPP = ^ = 2. Tliercfore, 

he should use Table 3 and the connection diagram in Fig. 11. 

Since he counted 24 slots, there miist be four poles in the 
stator. lieiauNC. according to Table 1. this is the only possible 

24 

combination. Four poles immediately suggest “ 6 slots in the 

back and front pitch, and 5 slots in the short pitch. Note that all 
the combinations for 2 SPP liavie the same pitches. 

One of the free botlMt^adil aMliir line lead Ai. The slot 
from which it emerges'is'the slot I,': Oilier slots are marked 
countercl(x.'kwise aroiind.tb#-i^(of. Table 3 indicates that tlie 
other free leads for philso A fVbtn slots 19. IS. and 12; 

for phase H, from slots 9. 3, '2, ai^ 20: and for phase C, from 
slots IT. 11. 10, and 4. Since the winding pitch is known, the 
winder needs only a connection diagram, such as the one in 
Fig. 11. to give him all the information he needs. Tlie diagram 
in Fig. II indicates only one clip at SP slots, and Table 3 indi¬ 
cates that it has to be beUveen leads Aj and A.i. or between 
leads emerging from slots 2 and IS for phase A. .\ similar SP 
group will be between leads B: and B;,. or between the bottom 
lead from slot 9 and the lop lead from slot 2; and for phase C. 
between the bottom lead from slot IT and the top lead from 
slot 10. 

Tliese leads may be tested and reconnected, with frequent 
reference to Table 3 and Fig. 11. .\ complete diagram like the 
one in Fig. 10 is not net^ded and would represent unnecessary’ 
loss of time and effort. It is, however, assumed that the winder 
lias a thorough understanding of the meaning of connection 
diagrams and tables. 
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"Working Diagrams 

48. For satisfactory- repair and reconnecting work, it is 
necessary- to have a working diagram of the connections. The 
working diagram is prepared by using data from the connection 
diagram and the corresponding connection table. The repair¬ 
man prepares first the connection iliagram and then the work¬ 
ing diagram, which should be as simple as possible, The 
^^■orking diagram for the 24-slot 4-polc wave winding in Figs. 
10 and 11 is shown in Fig. 17Ca/ Only the slots from which the 
12 phase leads are taken should be indicated on the working 
diagram. Tlie slots are not draw-n. only indicated by the slot 
niiml>cr taken from Table 3. The six SP groups are marked in 
their proper positions by- their sy mbols SP-1 to SP-6. Tliis wind¬ 
ing is series-star connected, and the common star connection is 
indicated by a star ring cooaectiag mII star leads. The line leads 
are extended to the line terminals A, B, and C. A shorter line, 
such as at A- and A., indicates a hotti>m lead; and a longer line, 
such as at or .-V,. indicates a t<»p lead. Only the coils with 
phase leads are indicated; for phase A. they are shown by full 
lines: for piiasc B, by broken lines; and for phase C, by dot-and- 
dash lines. In order to indicate short pitches, the coils arc bent 
to a shorter throw. 


.\n illustration of a working diagram of a relatively compli¬ 
cated wave windinc is given in Fig. ITf"/* . It is a 6-SPP wind¬ 
ing, as in Fig. 16. for a lOS-slot rotor with 4 conductors per slot, 
wound for 6 poles and parallel-star connected. The four con¬ 
ductors per slot are indicated by double lines representing 
coils. The connection tabic for this winding is not given in this 




text. It -is readily seen that the back and front pitches arc -g 


= 18 slots, that the short pitches are 17 slots, and that the 
winding pitch is 36 slots. 

A working diagram can be made out for any winding for 
which the connection diagram and the connection table are 
available. It will be good practice to prepare working diagrams 



62 


.\LTERXATLVC-CfBBENT MOTOB RePAIB, PaBT 2 


for several windings for which the connection diagrams and 
tables are given in this text. 

Checking Tables for Connection Diagrams 

Purpose of Checking Tables 

49. Tire connection diagrams and tables, and the working 
diagrams, indicate the phase leads of the windings Init do not 
indicate which slots contain the coils of a phase, or which coils 
arc connected together to form the coil scries in the six pliase 
sections. This information is given in the checking table, which 
should be used together with the connection diagram and the 
connection table for each winding. 

Table 4. for example, is a decking table prepared for 2-SPP 
windings and should be-»»d|Nrtt h tire d iagram in Fig. 11 and 
with Table 3: Table 6 cornfspomls lu i^PP windings in Fig, 12 
and Table 5; Table S eor rcjpp Bdsto 31-SPP windings in Fig. 13 
and Table T; Table 10 ebrr<fcpondl>^4*SPP windings in Fig. 14 
and Table 9; and Table l^coM’iJwnds to 5-SPP windings in 
Fig. 15 and Table 11. There is no^iecking table included here 
for Fig, 16. For convenience of reference, the connection dia¬ 
gram. the conni'ction table, and the checking table for each 
SPP value are grouped together. 

The diagrams in Figs. 11 to 16 inclusive have been laid out 
for a i20-deg spacing of the three groups of phase leads. Mo.st 
wave windings used on rotors have this spacing. The checking 
tables enable the repairman to change this spacing to a closer 
one. if that is required. Such tables also permit the addition of 
slot combinations. 

Structure of Checking Tables 

50. .\ description of each checking table is important for a 
complete understanding of the table. Tlic specific description 
of each successive table will, however, include only the points 
N^ hich are different from the ones described for the preceding 
table or tables. statement that applies, for example, to Tables 
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S, 10, jnd 12 will bo given for Tabic S and m ill not bo repeated 
for Tables 10 and 12. 

The first two colimnis in oath checking table give the num¬ 
ber of .slots and poles which might be used with the specifietl 
SPP value. 


The third cnhimn indicates iwlaritv; each arrow shows the 
direction of current in the coils placed in slots indicated in the 
.same horizontal line; these arrows cs)rrespond with arrow.s in 
the connection diagram.s and tables. 

The following columns include the aimibers of all .slots enm- 
faining a coil from pha.se.s A. B. and C. as indicated by the 
column headings. Since all the connection tliagrams have the 
Ai lead in the bottom of .slot I and are numbered counterclock¬ 
wise. the chocking tables pi|l|l|[i^'Aj[>lpa.se at the right, with the 
phases and .slot nuiiihe)<w7Wi0b ^BWiii ii| iV niti\>'K- from right to 
left. -n 

Each horizontal ftpnjliwi indicates the slots 

which contain coils uncK-r oae fl'iimber of limes in the 

table indicates the number of pplcs. ilj-fbe machine, For exam¬ 
ple. if the machine has a total of Only four poles for 2 SPP, only 
tiie first four lines of Table 4 will apply to tliis machine; for a 
machine with 6 poles using a 2-SPP rotor winding, the first six 
lines of Table 4 will apply; for a machine with 20 iwles for 2 
SPP. the first 20 lines in Tabic 4 will apply. Checking tables in 
this text indicate for each SPP \ahie ;m increase in poles in 


steps of two poles by the addition of two lines in the table. 

Each vertical column of slot numbers under the headings 
"Phase A." "Phase B." and "Pha.se C" indicates the slots earn ing 
c-oils which belong to this phase. The number of columns under 
a phase heading indicates the number of coils per pole per 
phase. 

Each group of slots in any one horizontal line under a phase 
heading is called a pole-phase group. For e.xample, in Table 4 
there are three polc-pha.se groups in each line, each containing 
two slots, If the winding has an integral value of SPP. each 
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pole-phase group contains the same number of slots, or the 
winding is said to have an even distribution of pole-phase 
groups, 

Checking Table for 2 SPP 

51. In Table 4. the checking table for 2 SPP. the first num¬ 
ber, starting from the right, in the first line is 1. This number 
represents slot 1 on the core. Tlie letter 7. to the right of this 
number represents the ending of the circle of slots on the core, 
or the last slot. For e.xample. for the 4-pole 24-slol machine, 
substitute 24 for Z: for the 6-iwle 36-slot machine. Z = 36; for 
the 144-slot rotor, Z = 144. Note that the number to be n.s(*d a.s 
Z i.s the mimlwr from the column indicating the total number of 
slots in the rotor for a particular miqiber of jwles. 

For a 4-pole 24-slot madrine, Wtor Z is replaced b\’ 24. 
Table 4 indic-atos si.s sloj nuinWr-s in each of the first four lines, 
two slots for each jx)ie-phase Tliese numbers do not 

change for any machfae which has the same SPP. In other 
words, a 4-pole machine as well as a 24-pole machine will have 
in slot 3 a coi! which belongs to pliasc B. and the direction of 
current in this coil will be into the winding. 

Wlicn Tabic 4 is compared with the complete diagram in 
P'ig. 10. it is seen that the tabic gives the same information as 
this diagram. The coils in slots 1. 7, 13. and 19 make the first 
scries in phase .A, and the coils in slots 24. 6. 12. and IS make 
the second series. The cheeking table, however, does not indi¬ 
cate the phase leads; they have to be taken from the connec¬ 
tion table. Table 3 for 2 SPP. when the working diagram is 
being prepared. It is also implied that the short pitch will 
have to be used to connect coils from slots 19 and 24 between 
the two series. This information, however, is found in the 
connection table and not in the checking table. 

.As (he discussion so far has shown, it is important to use 
tlie connection diagram, the connection table, and the check¬ 
ing tabifc simultaneously for eacli SPP value. When this is 
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donf. tlie workiny diagram can be prepared widiout difficulh’. 
Tliis method has proved simpler than referring to one ci)m- 
plete diagram, whkli might contain too manv lines to be 
helpful. 

Checking Table for 3 SPP 

52. For the integral value of 3 SPP. as in Table 6. each 
pole-phase group contains three slots and lias an even distri¬ 
bution of pole-phase groups. The letter Z in tlie first line repre¬ 
sents the last slot of the total slots used: the letter V similarly 
represents the ne.\t to the last slot. For example, for a 36-slot 
rotor and I poles, Z — 36 and V = 35. while for the 126-slot 
rotor and 14 pole.s. Z •- 126 and V = 125. and so on. 

Table 6 .should be used xyith P'ig. 12 and Table 5. 

Checking Table for 31 j -I?!' f 

53. Table S is the for 3.\ SPP. Tlie 

letters Z. y. and X stari^r^fl^PB^ slots used in a par¬ 
ticular winding. For and 4 ^xiles, Z = 42. 

y = 41. and .V = 40. ' , . -/.i . 

Since this table is concerned with a fractional value of SPP, 
the number of slots in successive pole-phase groups is not the 
same. Every other group lias one slot less, which is indicatee! 
by the blank spaces in the table, such as between slots 4 and 5. 
In the first line of Table S. the three pole-phase groups iiave 
tiierefore four, three, and four slots, respectively, or in short, 
an odd grouping of 4-3-4 slots. .Ml checking table.s with blank 
spaces indicate a fractional SPP v.aluc and an odd distribution 
of ix>U-phase groups. 

Table b should be used in connection with Fig, 13 and 
Table 7. 

Checking Tables for 4 and 5 SPP 

54. Tables 10 and 12 have been prepared for windings with 
integral numbers of SPP and therefore do not have blank 
spaces. Table 10. for 4 SPP. has four slots for each pole-phase 
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group, and Table 12 lias five slots. Tlic letter U‘ in the first line 
of Table 12 stands for the fourth-last slot usctl for a specific 
winding. For evaniple. for a winding with 240 slots and 16 
poles, Z = 240. )■ = 2.J9. .V = 23S. and W = 237. 

Extending of Tables 

•>5. The checking tables and connection tables given in this 
text may be extended for a greater number of slots and thus 
for more combinations with various numbers of poles. The 
luimber of i>oles can be incieosed in steps of two. If. for ex¬ 
ample. an additional combination is rt^uired in Tables 11 and 
12. it will represent 26 i>oles. Tlie corresponding number of 
.xhits can be loimd by adding six limes the SPP to tlie preced¬ 
ing total number of slots. Tablp.lli luis 5 SPP. and so 6 X 5 = 
-30 slots should l>e adi^iHi|((^’ 4iiWi^4rvlotai number of .slots, 
which is 360. Thus. 380—390 ^otl should he used with 
26 pole.s in the next cxinibiiu^t^£i»r 5 SPP. 

.\nother method of e.xtWKiir^g.thT’laldes is to examine the 
difference between .successive total numbers of slots in the 
first column of tlic ciiecking tables and then to add that num- 
licr for each pair of iwles needed. In Table 12. the difference 
is 30. so -360 - .30 = 390 slots for 26 poles. 390 -f 30 = 420 
slots for 28 poles, and so on. 

It is also ims.siblc to prepare tables which arc not given in 
this text. For example, by comparing Tables 5, 7. and 9, you 
can see how the cxmnection table was prepared for 3l SPP 
from the tables for 3 SPP and 4 SPP. By the same rule, a con¬ 
nection table may be prepared for 41 SPP by using Tables 9 
and II. Of course. Table I is also always useful for rechccking 
new tables. 

Main Features of Wax'e Windings 

56. Now that the connection diagrams and tables used with 
wave windings have l>ecn discussed, let us summarize the 
main characteristics of wave windings: 
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Wave windings for diree-pliasc a-c motors, whether used 
on a rotor or a stator, use c-oils with ends bent away from the 
coil center line. The adjacent coils ends are connected by clips 
to form a series of coils which gws around the core. Tlic com¬ 
mutator is not used and the winding is always retrogressive. 
Each series has half as many coils as there arc poles. Several 
series of coils make a pluise section, the number of coils in a 
section depending on the SPP value. Each phase has two sucli 
sections; that is, the winding always has sL\ sections. The 
twelve phase leads of these six sections should be connected 
properly in star or delta. 

If the salue of slots per pole per phase lias been deter¬ 
mined and the number of jxdes in the motor is known, the 
winding may Ik* fully tliKEed^ jvwound. 



Phase CoUs 


Need for Phase Coils .' 

37, .\nother characteristic fcafure of wa\ c windings is the 
plac< mcnt of phase coils. Their proper location is very import¬ 
ant to the winding procedure. 

\Micn an a-c wa\c winding has more than two conductors 
per slot, some slots hold conductors from two different phases. 
Such conductors and their coils come at the beginning and the 
end of each pole-pha.se group and are called piiase coils and 
phase conductors. 

The total number of phase coils in any three-phase wave 
winding is always equal to six times the number of poles, or 
twice the number of ixile-phase groups. Because the voltage 
l)ctwcen phiise coils is full phase value, the insulation on their 
ends is reinforced and is called phase insulation. The phase 
coils are therefore easily recognized by the increased insula¬ 
tion at their ends. 

Unlike the coil ends, however, the slot portions of all coils 
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are insulated alike, since their ground insulation is more than 
that required for protection against phase voltage. 

When the winding has only one or two conductors per slot, 
crossing coil ends, at both ends of the pole-phase groups, also 
need and receive phase insulation. 

If the extra insulation on any group of conductors in a 
phase-eoi! slot is placed properly, it will protect both top and 
bottom end conductors and, as far as it goes, top and bottom 
leads too. The first purpose of such e.xtra insulation is to sepa¬ 
rate the top and bottom coil ends, which are in different 
phases and have phase voltage between them; at the same 
time, it also gives protection to other coil parts. The coil ends 
coming from other slots have less than phase voltage across 
them. 

Indication of Phase Coils 

54>. In connection diagrams. Fig. 11 through 16. the phase 
coils are indicated by heavier lines than plain coils. In Table 
6. .1 heavy black dot above a column indicates that all coil 
ends coming out of the slots in that column have an extra 
phase insulation. In tlu* first line of Table 6. the slots contain¬ 
ing coil ends with pliasc insulation are. from right to left, slots 
35.1. 2. 4. .5. and 7; in the last line, such slots are 206, 20S. 209. 
211. 212. and 214. The dots arc. however, not repeated in other 
checking tables; tlicy arc given here merely as an example. 
Tlie enil columns of each phase in checking fables indicate the 
slots which contain phase coils if more than two conductors 
per .slot are u.scd. 

Right-Hand and Left-Hand Phase Coils 

59. When a slot contains only rivo conductors, these con¬ 
ductors arc placed one above the other and their sides are 
either top or bottom sides. However, when there are four or 
more conductors in the same slot, two conductors are placed 
next to each other, the next pair on top of them, and so on. The 
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conductor ;tf the left side of fhe slot is called the left-hand coil 
and the conductor at the right side is the right-hand coil. The 
total number of phase coils in a winding is always divided into 
an equal number of right-land phase coils and left-hand phase 
coils, During the winding, the winder must be especially care¬ 
ful to pUcx* the right-hand and left-hand phase coils properly. 

A part of a winding wifli 3 SPP and three slots in each 
pole-phase group is shown in Fig. IS. The winding has four 
< onductors per .slot, or two conductors per coil. Tlie coils, each 
represented by two conductors, are marked by their slot num¬ 
bers 1 to 6, and tlic i>ole-phase groups are lettered A anil B. 
(iroiip A starts with the right-hand coil L and group B with 
tlic right-hand coil 2. CJroup A ends with the left-hand coil 3 
and group B with the left-hand coil 4. All four coils. 1 to 4, are 
phase coils and carr>- additional insulation. Only two top con¬ 
ductors in a slot are indicated in Fig. IS by the ellipses which 
enclose conductors from the same slot. Two more conductors 
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(not shown) will be placed in each slot. Since the coils 1 to 4 
were the coils at the end of one pole-phase group, the other 
two coils in the same slot with them will belong to the next 
lX)lc-phase group. The coils J to J are therefore phase coils and 
carry phase insulation, as indicated by the heax")’ lines in 
I-'ig. IS. 

Standard-Lead and Short-Lead Phase Coils 

GO. The phase coils shown in Fig. IS have standard-length 
leads and are classified as sfandard-lcad left-hand and stand- 
ard-Icad riaht-hand phase coils. 

In large windings using conductors of heavy strap, the 
pliase-coil problem is more complicated, because at six points 
in the winding the SP cpnaectioi)s require that some phase 
coils have the top have the bottom 

lead short. .\s a rc.sult' ihrrd will be some shorl-bottom-lcad 
riiiht-haud phase coilf. .^horl’top-had rizhl-hand phase coils, 
.dwrt-botloin-lcad Icft-lKW^, ulio^- Trills, and short-top-lead 
riuht-hand phase coils. ’ 

These phase coils, in addition to the two types of standard- 
load phase coils, make six types of phase coils. The winder has 
to be ver\‘ careful to place each Ijpe pro|icrly. 

Identifying Phase Coils 

61. .\.s mentioned earlier, phase coils may be identified in 
almost any winding by (he extra insulation on their ends. Tliis 
insulation makes the end sections of the coils thicker. Some¬ 
times an identifying numlHT is stamped on the lead end of 
the strap. diBcrent numbers being used for n'glit-liand and 
left-hand coils. The rest of the coils, which are called plain 
Lxiils, are all insulated alike. 

The checking l.ibles will help in determining the position 
of phase coils. Tlie slots and ixilc-phasc groups are all laid otit 
in flic tables in the s.une order as the actual coils. Hence, these 
tables max' be used to check the coil grouping, to locate the 
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-slols that i-arry tlic phase coils and their extra insulation, and 
also to locale the slots for short-lead phase coils. 

W’lieii the SPP value is integral, such as 3 SPP in Table 6. 
all coil groups contain the same number of coils. The end coils 
in each group are [xissiblc phase coils, as indicated by the 
black dots. 

When the SPP \ahie is fractional, such as 3\ SPP in Table 
S. the table has blank spaces and ever>- second coil group has 
one coil le-ss than the groups on either side. This fact should 
be carefully considered when determining the phase coils. Tlie 
possible phase coils, however, arc again the end coils of each 
pole-phas<' group, but the number of plain coils between them 
varies for ever)' other group. 

Finding Number of Slou in 3P Groups. 

62. For Iwth odd and ex'Vn coil ^rooping. the number of 
slots in the space over an) SP connection should be twice the 
number of slots (ht pole p^pliasc. 

For example, ior an ovt*i> cuU,^otiping and integral SPP. 
Tulile 3 ior 2 SPP places tlic loads Ai and A. for 4 polc^ and 
24 .slots in slots I and 19. Tlie SP connection SP-I must there¬ 
fore be betw een slots 19 and 24. giving a pitcli of 5 slols. Tliere 
arc actually four slots Isetween slots 19 and 24. or double the 
numher of SPP for this winding. Table 3 also indicates leads 
.•\:i and .A, in slots IS and 12: the SP connection SP-2 is be¬ 
tween slots IS and 13, and there are four slots between slots 
iSi and 13. The numlser of slots in this example may be rc- 
ci)cekecl against the complete diagram in Fig. iO. 

-As an example of odd coil grouping and fractional SPP, 
take a -4-polc 42-3101 winding with 34 SPP, as in Table 7. The 
phase leads B.-. and come from slots 2 and 34. The SP con¬ 
nection SP-4 between them has two connections: one is from 
slot 2 to slot 36. Between this pair of slots are 7 slots, or double 
34 SPP. Now take leads lit and B-. TTicir leads come from 
slots 15 and 4. and the SP connection SP-3 between them is 
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from slot 12 to slot 5. Between slots 12 and 5 are only 6 full 
slots, but each conductor is alone in its slot, so to 6 full slots 
must be added 2 half slots, making the equivalent of 7 full 
slots. 


Winding of Wave-fT oiind Rotors 
Preparation for Rewinding of Rotor 
Preparation for Stripping 

63. The procedure for placing a new wave winding on a 
rotor is. in principle, the same as tliat for rewinding an old 
winding. Yet. in addition to tire placement of windings, a re¬ 
winding job includes the stn'pptBg of old windings and the 
repairing of coils and connections. Such stripping can re.sult 
in a great deal of trouble if not handled proper!)-. Ther(“fore, 
some brief, practical suggestions are jdven here for stripping 
and rewinding a wa\ c-v\‘ound rotor. 

.■\s the first step, before starling the actual stripping, deter¬ 
mine the number of phases, poles, slots, and slots per pole per 
phase, and the type of connection, and put this data on paper. 
Then, using the data determined, select the diagram and 
tables that apply to the job. 

Next, examine the winding for SF leads and phase coils. If 
the winding has phase coils, find out which ones arc right-hand 
coils and which left-hand coils, and whether they have stand¬ 
ard nr short leads. 

.\lso. before stripping any rotor winding, study the lead 
arrangement at the six SP loc-atiuns. If the short-lead coils 
must be replaced exactly ;xs they are. mark them and make 
any notes necessary. If short-lead coils are mixed with other 
coils, a few leads entirely toe short for connection arc likely 
to show up after all coils have been put back into place. The 
number of slots, the diameter of the rotor, -and the size of the 
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strap ill till- coils may make it jxissiblc to ilisri-jjard this mat¬ 
ter. hilt tisiially it pays to find and mark tin* sliort-lcad coils. 

Marking Old Windings 

64. The simplest ami ix-rhaps the host way to mark an old 
windiiiji is to find the A, lead, mark its slot suitably, .stamp it 
with the fixture I. and then go around the winding counter- 
chK'kwise. stamping the top side of every lop lead with its 
proper nuinher. Other methods of marking depend on the 
winding and the dies or other tixils available for marking at 
the repair shop. 

Putting extra markings on the main leads and phase-coil 
leads will help you to insulate them properly after they have 
come out of the slots. 

Finding No. 1 Leads in Wfndfng wWi Integral SPP 

65. f)ii a job that las just ctHne in for repair, and in check¬ 
ing a completed winding. Jlie fixut step is to find the proper 
.slots for the No. 1. or line. h»ads of Uut Hiree pliases. 

It is assumed that the SPP value is known and that it is 
an integr.il nnmIxT. For the purpose of dLscussion. a.ssume the 
value .3 SPP. Tiie cheek of the winding will Ik- ea.sx- if thi- 
eonneclion diagram in Fig. 12 and Tablc.s 5 and 6 arc kept 
reads for referenev. 

Tlie lim- h-ads are easy to recognize. Tliey are all bottom 
leads anil are useil to connect the winding to the slip rings. 
Since the winding has In-en disconnected, the leads are frii-. 
Till- first free bottom lead is .-Vi and its slot is slot 1. Tlic slot and 
lead should be marked properh-. 

In order to find the lead B-. the slots should he counted 
cxiunterclockw isc from slot I. 

In Table 6, slot I is in the left-liand column under the 
heiuling "Phase and the jsolarily of the coil lead Aj is indi- 
latwl by the upward, or inward, arrow. The lead B-, will Ik- 
in one of the slots grouped in the left-hand i-olumn under the 
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heading "Phase B." It must be a slot with the polarity arro\^' 
pointing dow nward. or ouhvard. such as slots 13 and 31. Table 
5 gives the same information. 

Now, the slots are counted counterclockwise around the 
rotor, .starting from slot 2. If the bottom lead from slot 49 is 
free, it is’ the lead B-.. From Table 5. it is seen that this is a 
winding for 72 slots and S poles. Tliis procedure illustrates 
how the use of tables simplifies checking. Tlic exact number of 
slots and ixiles has been determined by actually counting only 
the slots between .4; and Bj. 

The remaining free bottom lead is C,. It is emerging from 
slot 2). .\s a double cheek. Table 6 should be consulted. Lead 
(■I has to come from one of the slots in the left-hand column 
under the heading "Phase G.’’itnd the arrow indicating polarity 
must point upward, 6 sHrow^at slot 2-5 is one of 

possible slots, but Table 5 indicates definitely that, for S poles, 
slot 2-5 contains the cOil^fUlb tho lead Gi- 

Finding No. 1 Leads in Winding with Fractional SPP 

66. .Assume a \%imUug with SPP and apply Fig. 13 and 
Tables 7 and S. .\s seen in Fig- 13, eacli group of coils in the 
diagram has an extra slot which does not contain a coil. TIic 
coil groups will have 3 and 4 coils alternately to give an average 
of 3i coils in a group. The numerals 3 and 4 in Fig. 13 indicate 
this fact. 

.\fter the lead .4i and the slot 1 have been selected and 
marked on the rot<ir. Table S indicates that the lead B, could 
come from any of the slots in the left-hand column of the four 
columns under the heading “Phase B.” such as slots 2-5, 36, -57, 
and so on. The extra slots should iwl be counted. If the free 
lead Bi is found on the rotor, counting counterclockwise >ip to 
the slot 36‘. Tabic 7 indicates that the winding is for 10 poles 
and 105 slots. .\s a check, the lead Ci must then come from 
tlie slot 72. If it does, the procedure of finding the leads was 
correct. 
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Finding Star L«ads 

67. For Iwth intt-nral and fraclional SPP values, cacli star 
lead is a lv)Uom lead from the slot that is one back pitcii be¬ 
hind (he slot contaiiiinz the line lead of the same phase. 

For example, for a "J-.SPP windinji. Table 5 indicates a back 
pitch of 9 slots. For the winding with 72 slots and S poles dis- 
cus.sed in Art. 65, counting 9 slots backw ards from slot 1 gives 
.slot 6 /; so. lead .A. must come from slot Tlie same informa¬ 
tion is confirmed by Table 5. Lead B. comes from the slot 
whicii is 9 slots iH'hind sl(»l J9. or from .slot -iO; and lead C- 
cx)mes from the slot which is 9 slots behind slot 2-5. or from 
slot /6. .\11 these facts are confirmed by Table 5. 

-As an example of a fractimwl SPP xaliic. take the winding 
discussed in .Art. 66. TalrffcTiwJkaUs'u back pitch of 11 slots, 
Note that the front pitflh^^e shorter for fractional 

SPP. If for 11V5 slots and 10 iVlc*. ihe lead .A; comes from slot 
1. the lead .A. comes slot tlta; lead R. from slot 2-5 
1-36 - 11’ and lead C. frortf'slof 60 (7J — 11'. In Table 7, the 
arrows lor the star leatls sAionld’atways point in the direction 
opposite that of the arro\\s for the line leads. 

Finding No. 3 Leads 

66. P'or all SPP values, tlie No. 3 lead is always the top 
lead from a slot tliat is always back of the slot containing the 
star lead of the same phase. Each No. 3 lead is back of its 
Ntar lead by a number of slots equal to one less than the full 
number of slots per pole per phase; witij fractional pitch, the 
fraction is ignored. Tlius for 2 SPP or 2; SPP the No. 3 lead is 
one .slot back, for 3 SPP or 31 SPP it is 2 slots back, and so on. 

For example, in the -l-SPP winding with 72 slots and 8 
l>oles, the No. 3 leads are two slots back of the slots for star 
leads, or .A.t comes from slot 62 (6-1 - 2\ B- from slot -3? (40 — 
2). and Cs from slot 14 (16 — 2). For the 34-SPP winding with 
!05 slots and 10 polos. .As comes from slot 92 (94 — 2’, Br. from 
slot 23 125 — 2’. and C.s from slot 58 \60 — 2!. 
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F:c. 19- Start of Wane Winding 
Finding No. 4 Leads 

69. For all SPP values, the No. 4 lead is always the top 
lead from a slot that is always back of the slot for the No. 3 
lead by a number of slots equal to the front pitch. 

For example, for the 3-SPP winding, the No. 4 slots will be 
9 slots behind the No. 3 leads, and in the 3i-SPP xvinding 
they will be 10 slots behind. Tlie values may be verified in 
Tables 5 and T. 

In determining the phase leads of a winding, remember to 
check the polarities of the leads as well as the slot numbers. 
The polarities are indicated by arrows in connection diagrams 
and in connection and checking tables. 
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Rewinding Rotors with Standard Leads 
and \o Phase Coils 


Arranging Coils 

TO. An example of a job started correctly is shown in Fig. 
19. It is a three-phase wave winding for a i-14-slot rotor with 
12 pole.s. 

Dividing 14-1 slots by the number of poles and then divid¬ 
ing the result by the number of phases gives 4 SPP, or 

= I SPP. Tables y and 10 and Fig. 14 apply to this job, giving 
12 slots for the back pitch. The illustration shows four con¬ 
ductors per slot, or two pairs of straps in parallel, so that 
there arc actually two IV-'f slot. The first of the 

upper slots have only in place. 

This winding has;p|a tht straps are all insu¬ 
lated alike. It also all coils because the 

straps are not hea\y short-lead coils. Tlie 

xviiiding can be started in aoy slots anil no data other than the 
back pitcli are iK*etled until all coils arc in the slots, .\ssuming 
that the repairman is careful and that the coils arc made up 
properly, the coils themselves and the back pitch arc enougli 
to get them into place correctly. 

Before rewinding, lay the coils out in order. Start wUli the 
L-oil that belongs to slot i. or the No. 1 coil, on the bottom of 
the pile and end with the last coil. Put the last coil back in 
the slots first, with its bottom coil side in the first slot to the 
right of tlie Ai slot. Tiicn resvind to the right, the No. 1 coil 
going in last. 

Finding Phase Leads 

Tl. -After all coils are in place, twelve phase leads must be 
picked out. If the phase leads are to be 120 deg apart, the con¬ 
nection table and diagram give all the information necessarx-. 
.Any job like this will show why the in-betxvcen slots can be 
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omitted from the eonneetion diagram, and the diagram still 
provide the neecssarv- information. 

The slots for the leads should 1 h- marked svith chalk before 
winding is lM-g>in: the bottom leads may then he stami>ed or 
tagged as the coils are w unnd in. 

If this method of indicating the leads is not followed, tlie 
.'lots ]nay still be locatctl and marked after the coils are in by 
lollowing the methods of counting slots and clips explainetl 
earlier. It only the top lead of a coil ii.is been localetl. the 
liottom lead can In* found with a lest lamp. Siiort-pitch Icails 
can also l>e found easily by using Table 9. 

Rcwindini; Rotors with Sraiuiord-Lead Phase Coils 

• • .""1 

Phase Coils with Stand ard Le iidji. ' • 

72. Consider a 3V})P^l»imUh|: '> slots and S poles 

having 6 eoiuluclors per ilot^.Aninne that all coil loads are 
staiulard length. This cv>n'^inati0^,^.jar>les and phases gives 
24 jxile-pltase groups. TheW "yl-quire +S phase coils, 

half of them right-hand coilvanJ^H' other half left-hand coils, 
because more tlian ts\'i» coiKluctors per slot al«a\s means 
pliase ct)ils of Ixith kinds. 

.\ll phase coils in this winding base standard leads, which 
are the simplest to handle. Tlic proper use of standard-lead 
pliase coils discusscxl here will help you imdiTstand the more 
complicated types of windings. 

Table 7 shows that 12 of the 4S phase coils are the coils 
with phase leads: six are top-lead riglit-hand phase coils and 
six are bottom-load left-hand phase coils. The remaining 36 
phase coils are divider! evenlv into right-liand and left-hand 
pha.se coils. 

Arrangement ot Coils 

73. Phase coils may he distinguisluxl from plain coils by 
the amount and kind of insulation. This permits the phase coils 
in a winding to be separated from plain coils into the proper 
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number of groups. Two methods of arranging the coils before 
uinding are possible, the straight-order methwl and the re¬ 
verse-order method. For both methods the first step is to sort 
the coils into tliree piles: plain coils, right-hand phase coils, 
and left-hand phase coils. 

Tile nest step is to determine the coil grouping; that is. the 
number of coils per group and whether that number is odd or 
even. Table S shows 4 coils under phase A. 3 under B. and so 
on, that is, a 4--3-4-3 grouping. This information is ncccssars- 
because phase insulation goes on the outside coil of each 
group, where a lead of one phase is nc.xl to or across the lead 
of another phase. 

Straight-Order Method I’tv 

74. For the straighjaBBte' arrangement of the 

3.;.-SPP winding undvif ic-uWflcTatfjMi,'leive the coils in three 
pilc.s. locate slot I in ^Hp-ring con¬ 
nection. and start the \»!Ur*S-‘!eft-hand phase coil in 

that slot. Then continue in a ffc^tuSv. or right-hand, direc¬ 
tion. putting one plain coil ■ea€4<‘In slots S4 and S3. .\ right- 
hand phase coil in slot 32 completes the first 4-coil group. 

Tlie next group has three coils. Start it with a left-hand 
phase coil in slot Si. and then put a plain coil - the only plain 
coil this time—in slot 5t>. Knd this group with a right-liand 
phase ctiil in slot 79. Then put in another 4-coil group, just like 
the first group. Follow it with another 3-cx)il group. Continue 
in this way until all coils are in; be careful with the partly 
filled slots. 

In this straight-order methcxl. the coils arc picked from the 
proper pile as they are required. The repairman must be very 
careful to pick up the right kind of coil each lime. 

Reverse-Order Method 

7.5. The reverse-order method ol arrangement requires 
more care in laying out the coils at the start. For the odd 
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grouping in Table 8, instead of piling the coils in three groups, 
each consisting of the same type of coil, lay them out on a 
bench in the 4-3-4-3 phase groups just described. Pile each 
indiN'iduoI group in reserse order, however. In a three-coil 
group, put the last phase coil on the bottom, the plain coil on 
it, and then the first coil on top. 

For the e\en grouping in Table 10, in which the grouping 
is 4-4-4“l, each group has four coils: one phase coil, two plain 
coils, and again a phase coil. 

With cither odd or even grouping, each group begins on 
the rotor with a left-hand phase coil and ends with a right- 
hand phase coil. Consequently, the piles on the bench, which 
arc in the reverse order, begin with a right-hand phase coil and 
end with a left-hand phase coiL With the reverse-order method 
of arrangement, the top oeS is the next one to go into 

the slots. 

.As already mentioned, tiie complication of right-hand and 
left-liand phase coils comes on^' with more than two con¬ 
ductors per slot. 

Rewinding Rotors with Short-Lead Phase Coils 

Short-Lead Phase Coils 

76, The most complicated type of a-c wa\e winding using 
large conductors must have short-lead phase coils. The me¬ 
chanical stiffness of such condiidors, which prevents bending 
the leads by hand during the final connecting, makes the short- 
pitch leads necessary and the complication of such coils un¬ 
avoidable. Because of the many details which miisf be watched 
when winding such ciiils. it is desirable to have a thorough 
understanding of the winding of c-oils with standard leads be¬ 
fore beginning to study the winding of coils with short-lead 
phase coils. 

.\s an example, consider a 5-SPP winding for 150 slots and 
10 poles, with 4 conductors per slot. .Asstime that the con- 
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ductors are so large that special SP short-lead coils must be 
used for some plain coils and for some pliase coils. Use Fig. 1.5 
and Tables 11 and 12 for checking the winding. 

The winding has 30 pole-phase groups, each containing 3 
coils. The phase toils come at the beginning and at the end of 
each group, so there will be 2 x 30 = 60 phase coils. Some of 
these coils have standard-length leads and some have short 
leads. 

On a winding with large conductors, it is customars' to u.sc 
short leads for the main phase leads. On comparison of Tables 
11 and 12. it is seen that all 12 phase Iead.s l>elong to phase 
coils so that there will be 24 short-lead phase coils, or for each 
phase. 2 right-hand short-top-lead phase coils. 2 right-hand 
short-bottom-lead phase toils. 2 left-hand short-top-lead phase 
coils, and 2 left-hand shortkhottom-l^ftd phase coils. The rest 
of tlio phase coils, or 36 plusc coiU, have standard leads, or 
there will be IS rigitt-lntnd standard-leod and IS left-hand 
.standard-lead phase coils. 

Table 11 shows four connectfrwis in each .SP group. Since 
there are 4 eonductots iht slot in this wintling. tliero will he. 
according to Table . 9 clips in each SP group. Tlic clips con¬ 
nect short-Icad coils, and tiicreforc there are 9 X 6 = .54 short- 
lead coils. Each SP group has two phase coils, which means 
that 2 X 9 5= IS out of the -54 short-lead coils were already 
accounted for as phase coils. Therefore, there are actually only 
54 — IS = 36 short-lead plain coils, or IS short-top-lead plain 
coils and IS short-bottom-lead plain coils. 

Since the total numlser of toils is 150. the rest of the coils, 
or 1-50 — 60 — -36 = 54 coils, are plain full-pitch st.mdard-lcad 
coils. 

Arranging of Coils Before Winding 

TT. .^11 the toils in this winding may be divided into tlirce 
major groups, or nine different piles, as follows: 

Group I. 90 full-pitch or standard-lead, coils, consisting of 
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riglit-lund phase coils. IS left-hand phase coils, and 54 
plain coils. 

Group 2. ;J6 SP. or shorl-lead. plain coils consisting of IS 
short-top-lead coils and IS shorl-bottom-lcad coils. 

Group 3. 24 short-lead phase coils, consisting of 6 short- 
top-lead right-hand coils. 6 shorl-bottom-lcad right-hand coils. 
6 sliorl-top-lead left-hand coils, and 6 short-hottom-lcad left- 
luind coils. 


Start of Winding 

TS, The best way to st.ul winding a short-lead job is to 
divide the coils into nine piles, as mentioned in the preceding 
article. Tlien select its slot 1 a slot that will jx'nnit a suitable 
connection to the pn»iHT, \fark this .slot with chalk 

for tlie full width of show the starting 

point of tile winding ;ii»l which is a left-hand 

shoi f-bottoin-lcad ,, : 

Short-Bottom-Lcad Coifs ^ 

T9. Next chalk on the coht-^te slots for the rest of the 
»liort-bottom-lead coils. Mark these slots .at the front, or 
tollector-rmg end. of the core. 


Tlie slots ars' foimd in the .same way as the slots in SP 
groups, according to Fig. 15 and Tables 11 and 12. .According 
to tlie rules explained earlier, the SP-J group is found by 
counting four .slots back from the slot 1 for .Aj. or slots JoO, 
N9. 246. and 117. These slots ctmtain shorl-botlom-lead coils 
for .''P-2. In Table 12. these slots are markc<l Z. Y, .V. and U'. 

The second group of short-b<ittom-lcad coils comes at SP-2. 
ahead of the .A- .slot. The connection table. Tabic II, puts the 
.A. lead in .slot 2 J6; the other leads arc in slots 2.3-5, 2-34, 23-3. 


and 132. 

The third group of short-boltom-lcad coils is at SP-3, 
ahead of the 23; slot. .According to Tabic 11 the No. 1 lead is in 
slot -52. .uid slots 3<). 49. 46. and 47 are for the SP leads. Simi- 
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lurly. tlie foiirtli group, including tlie />• and the SP-J leads, 
lies in slots 30 to 32 inclusive. 

The short*l«)ttom-lead coils of the C phase, at Ci and SP’5 
and C. and SP-0. arc in slots 101 in OT inclusive and S6 to 32 
inclusive. The si\ group.s of short-holtom-lcad coils have now 
been located and marhed. 

Short-Top-Lead Coils 

50. Tin next step is to find and mark tiie slots for the 
-short-top-lead coils. Tiiese markings .should l>c on the rear enil 
of the core and should show where to put the bottom half of 
each .short-top-lead coil. With all these markings correct, on 
front and rear, the repairman will pick up the correct slot as 
each coil is wound in. The botCom^ialf of every coil is .started 
first in the bottom of a 

To m.irk the slots for thl* coils, keep on using 

Fig. 1.5 and Tables II ^ $P-I on the diagram, 

which this lime shows the Starting at the A 3 lead 

and going to the left of tliat lead. To find tlie slots for the 
Irotloms of these* cx>ils. subtract flic back pitcii. 16 — 1 = 15. 
from the A- -'lot. which for this armature is i-32; dtis gives slot 
UT for the start. Mark this .slot and the four slots to the left 
of it. slots 117 to 121 inclusive in all. At the other SP points 
do the same thing: that is, find the slot numbers for leads 
Xos, .3 and -I. subtract the back pitch, in slots, and each time 
mark the slot found in this way and the four slots to the left 
of it. 

Actual Winding 

51. .\fter marking 60 slots at the front and rear ends of 
the core, start the actual winding in slot 1 with a short-botloin- 
lead left-hand phase exjil. Then continue around the core 
counterclockAvisc, putting in three short-bottom-lead plain coils 
in slots i.50. 149. and I4S. Slot 147 gets a short-bottom-lead 
right-hand phase coil. 
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From slot I4T to tlie slot at the left of the next marked slot, 
both riitht-hancl and left-hand full-pitch coils are used, with 
plain coils filling out the groups. Merely follow the diagram 
and the slot markings, paying close attention to the slot mark¬ 
ings as well as to the proper coil for each successive .slot. 

Winding Odd Groups 

S2. The preceding articles have disenissed the winding pro¬ 
cedure for even groups of short-lead coils. In the winding of 
mid groups, .spc-cial attention should be given to the fact that 
alternate groups contain a different numlwr of coils. .\n e.v- 
.miple is a 12-pole 126-slot three-phase winding with 64 SPP 
and 4 conductors per slot. and S and Fig. 13 apply 

to such a winding. Tlii 6 X 12 — 72 phase 

coils, iialf of them riflil-^Sdl c^li and half left-hand coils. 
In addition, some of d'». aigi plain coils will have 

short leads. .As already for this job should 

be divided into nine piles aird^rfe^^oups. as follows: 

Croup 1. 96 standard-lead coiS. consisting of 24 right-hand 
ph.ise coils, 24 left-hand phase coils, and 46 plain coils. 

Group 2. 6 short-lead plain coils, consisting of 3 short-top- 
le.id coils and 3 short-bottom-lead coils. 

Crotjp .3. 21 short-lead phase toils consisting of 6 short- 
top-lead right-hand. 6 short-lwttom-lcad right-hand, 6 short- 
top-lead left-hand, and 6 short-bottom-lead left-hand phase 
coils. 

In the odd grouping. s|x*cial care is net'ded to keep the 
proper grouping throughout the winding. One way to keep an 
accurate cheek on the coil grouping is to mark the first and 
last coil of each group with white chalk. Mark the coils on the 
top rear diamoml point, the center of the rear end of tlie coil, 
and then proceed with the winding following the diagram 
and tables. 
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’a) Two-strap coil 
' h ’ Knd view 

Kic. 20. Coil for .\-C W.ssx WTsdinc 


Placing Coils into Slots 

Shape of Coil 

8.3. (Joils for a-c \ca\e wiiKlings arc normally of the shape 
shown in rii;. 20'«i. Tlie coil shown is made of two straps 
with si)acers between the straps. Tlie top side 1 and the bot¬ 
tom side 2 of the coil arc in one piece at tlie back of the coil, 
and end in leads -3 at the front. Short leads 4 are shown sepa- 
rate!)- and are tised for hca\y conductors. The end view ib) 
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shows the spread, or winding pitch, of the coil. Tlie back 
pitcli is a, the pitcli of the top lead is b. and the pitcli of the 
bottom lead is c. Tlie winding pitch for the coil is a + h -i- c. 
Exact pitches are of great importance; the allowable loler- 
ancc'.s in the forming of coils arc small. 

Coils for a-c wave windings are of either the one-piece or 
the tMo-piece type. The two-piece coil has its rear ends con¬ 
nected after winding. This coil is somewhat easier to wind 
into the slots than tlie one-picce coil, but the extra soldered 
figiire-S connectors at the rear offset this slight advantage, so 
tli.it the one-piece tyiH- is more common. 

Most strap coils for a-c wave windings have the conductors 
iiionlated sep.iratoly; hence, a. single strap may be fi*d through 
the slot opening at a 

Initial Coil Insulation' 

SI. The insnlatioi; '^ith here and in tlie 

following articles are fhos^ji^^^BWT^lly used for Class A 
iiisiilation. Tile various inwnaTi 95 'm*fcri.ils for the different 
classes were covered in 1 of'this text. Insulation materials 
used for the repair or rewinding of rotors should be as good 
or liettcr than the materials originally used for the rotor. If in 
doulit. consult the motor manufacturer about the materials 
used. 

To insulate the bare copper strap after it has been formed, 
the ends are taped and the slot sections are wrapped witli 
sheet material and then taped. This insulation is called first 
insulation of the coil because it is applied to the coil before 
the coil is placed in the slot. Table 13 lists the materials and 
lasers for tlie end insulation, the coil-side wrappers, and the 
finish tape. 

The first end insulation, for both plain and phase coils, is 
tan-colored Ircatt^d-cloth tape; onl>- low-s oltage (up to 60-\ olt) 
plain coils omit this insulation. A lay of one means an overlap 
of one-lialf in the winding, which gives a total thickmess of 
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TABLK 13 

Fih»t Ism’U\tion' on Coils ton A-C Wave Winiiinca 


\'oU46c* 

iR^itUtion on End&: 
0.0lO*in. Trrated^CIolh 
Tape 

Coil 

%Vp«ipper»: 
Tiinn oJ 1 

0.012’in. 

Fmrth Tjpe. 

0 007‘in, Cotlon Tape 

Plain 1 

Fhaie 

Mica Azxl 

' Kish Paper 

Ends 

1 Sloa 

fp to 60(1 


1 l.iy 

1] 

1 lap 

Spaced 

I'p to 

1 lay 

2 hy 

2i 

5 l.ip 

.Spaced 

I'p to ’too 

2 by 

3 by 

3} 

5 bp 

Spaced 


two layers: a 2-lay winding has a total thickness of three layers, 
and so on. 

The wrapper for the |t»( the coil is cut from a 

mica-and-fish-paper shofl^i|(l|j?,'M!W!T|!^ thick. The grain of 
this material, if there ifi| nn)}. !rwi^ij»)'j^BI|allel with the length 
of the coil wrapper. w|ii straight part of the 

slot section. This wrappc'rV.-M’heji^vyurid on. begins at the 
lower edge of one side of iJiC' strop and ends at the top edge 
of that same side, after making one. two, or three full turns as 
the table specifies, plus a half-turn overlap. When more than 
a turn and a half is required, the ends of the first full turn 
are tapered slightly, not more than [ in. at each end of the 
finish edge. 

Tile finish tape is standard cotton. 0.007 in. thick. On the 
ends of the coil it has a lay of one. or a half lap. Over the slot 
portion it is merely spaced. 

Varnish Treatment 

S5. For the 600-volt and 1200-volt class, the varnish treat¬ 
ment is one dip and bake for the unwound coils and another 
for the entire rotor after the winding has been pul into place. 
For a 2400-volt rating tbe coils are dipped and baked twice 
and the wound rotor once. For all voltages, the finished wind¬ 
ing should be sprayed with a good air-drying varnish. 
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i to S. conductors 

a- Two conductor!, per slot 
‘ht Fotir conductors per slot 
'c/ Sis conductors per slot 
'rf' Kiclit conductors per slot 

Fir., il. Si.oTs KOK .\-C W.cst \Vi.ni>in<a 


Baking 

S6. The time and temperatnre for baking \aries with the 
t arnish used and with the diameter of tlie rotor. L'siially, how¬ 
ever. 4 to 6 hr thoiirs' at 110 C {degrees centigrade) will be 
satisfactory for strap coils. For completed rotors, use a tern- 
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perature of 115 C to 125 C. Then bake 12 hr for rotors up to 15 
in. in diameter, and 24 to 36 hr for 15-in. to 25-in. rotors. 

Types of Rotor Slots 

ST. Rotor slots for a-c wave windings are partly closed, as 
sliown in Fig. 21. fa) to (tl). Tliis illustration gives front view.s 
of the slots on top of the core, showing how the slots look from 
the slip rings. 

Which of the four main types of rotor slots is selected 
depends largely on the number of conductors per slot, which 
may l>e 2. 4. 6, or S. The shape and size of both the slot itself 
and its opening are important in determining how coils should 
W fed into the slot. 

Two Conductors per Slot » 

SS. \ slot with in Fig. 2h<ii. In 

.such a slot the opening i$>cet^te^ and Ihcrc is only one waj’ 
to insert the coils: the b6S£n 1 goes in first, then 

the top conductor 2. Tla* Fig. 21 arc numbered 

in the order in which they nrefftced in the slot. When con- 
diiciors are taken out of tlie slot for repair, tlu* sequence is, of 
course, reversetl, and the conductor with the higlicst number 
in Fig. 21 comes out first while the conductor 1 comes out last. 

Four Conductors per Slot 

S9. Four c-onductors ptT slot rt^quire an overhung slot, 
as shown in Fig. 21('b). The straight side of the slot is usually 
placed so tliat the inside strap of the top coil comes against 
that side. 

Tlie \\ords oulsidc and inside, as used iicre. refer to the 
c-oils and not to the slots. Hence, the inside conductor of a 
Ixittom coil is not on the same side of the slot as the inside 
conducHor of a top coil, because the bottom and top conductors 
in the same slot come from different coils. 

In winding one-piece coils ha^•ing four conductors per slot 
into the overhung t>pe of slot, the inside bottom left-hand 
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c-oncluctor / is fed in first, and then the outside bottom con- 
tluctor 2. With the top conductors, the outside conductor 3 is 
fed in first and pttshed o\er to its place. Tlio inside top con¬ 
ductor -i tlicn slides easily down the straight side of the slot. 
In repair work, such umductors come out in the reverse order. 
.\s mentioned in .\rt. 45. the top. or right-liand. lead from this 
shit is taken from the top right-hand conductor 4. and tlie bot¬ 
tom left-hand le.id from the Ixittom left-hand conductor 2. 

Six Conductors per Slot 

90. When there are six conductors jxt slot, as in Fig. IVc), 
the slot opening is centrally locat<*d. Tlie outside bottom con- 
tluclor 2 is put in first, then the inside conductor 2. and finally 
the middle conductor 3 is drir^ h». Tlu' inside conthictor 4 of 
the top coil side is usu.^_gttt i p first b ecause the pull of its 
other .side, already in iTslot'as a botWnn condoctor. drags it 
into place. Tlien the (Aitsklt- ae^ductot -3 is forcc*d in and over, 
after which the middle torMiuciof ft is dris en in. 

U-soally. the middle cxmdiiltc? tail he starti-d at tiic rear 
end. If the drag of the end c-oofit'ction of the one-piece coil 
causes too much tronhlo. start this conductor in at the front 
end. 

Eight Conductors per Slot 

91, M licn there are eigiit conductors per slot, as in Fig. 
21 d). the .slot opening is centrally located. Tlie outside bottont 
conductor J is ptit in first, then the second half 2 of the outside 
pair. Next the inner half 3 of the inside pair is fed in and 
pushed over against its side ol the slot. Finally, the other half 
4 ol live inner pair is driven in. 

The procedure for inserting the top conductors is mucli 
the same: they are inserted m the order 5. 6. 7. and S. 

The order of insertion of straps given in tiie foregoing 
instructions lakes full advantages, as far as is i>ossible. of the 
pull of the coil. 
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/. cmU -4 slcit insulation 

2 ti ll supivirt. I'f ring i windmi; cell 

3 . i-\p<>S(.'il ntig nirt.d 6. fibtT M-parator 

r eiul insulation 

Fic. 12. WlSIllNO 1XSVUH1K)N OS' W'AVt-UovS'I) Rotoh 

Winding Insulation 

Altlmui'h all coils ii.scd in a-c wave \\indini:s for rotors 
an* pri'insulali*d. such insulation is little more than a first 
coating. The core, the slots, and the end windinits must have 
more insulation. Thi.c extra insulation, put on during the wind- 
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ing oi>eration, is called the winding insulation, and consists of 
the core insulation, the slot insulation, and the winding cells. 

Core Insulation 

93. \ rotor in the process of winding and insulating is 
shown in Fig. 22. The coil ends 1 rest on a support 2, some¬ 
times called a coil ring. Such supports var\’ in type, and the 
mcthotls of insulating them also var>-. Most types use treated 
fullerboards, held in place with tape or canvas hoods, for the 
filler. The chief points to check are the thickness of the insu¬ 
lating wall and the overhang, or creepage distance, of the ex- 
IX)sed ring metal 3 to the winding. 

Slot Insulation 

94. Slot insulation in the (onn of a fiber strip 4, Fig. 22. is 
placed in the bottom of the slot and under, not inside, the 
winding cell 3. Each strip siHHild be at least i in. longer than 
the winding cell and should project at least J in. past each 
end of the cell, as shown. Becatuc of its length and position, 
this Iwttom strip prevents tearing and cracking of the cell 
during the winding process. Because of its thickness, it akso 
tends to keep a high lamination or a hea\y burr that may get 
by inspection from cutting or chafing through the insulation 
proper after the slot wedges have forced the coils against the 
bottom of the slot. 

Winding Cells 

95. Winding cells arc usually made from fish paper 0.010 
to 0.015 in. thick, the exact thickness depending upon the 
amount of room in the slot. Thick cell paper clogs up the nar¬ 
row slot opening, making it difficult to feed in the cx)pper 
straps. Hence thin cells, paraffin treated, are most satisfactory; 
additional fillers may be put in the slot between the core and 
the cell or Iwlwecn the straps. The cells should project at least 
2 in. abo%e the core, since with a shorter projection, the part 
sticking out is stiffer and more difficult to handle- 



Alterxatinc-Ccrre.vi Motof Repaif. Pabt 2 


93 


Fiber Separators 

96, A fil>er separator, such as shown at 6 in Fig. 22. should 
he placed he^vcen the coils in the slots Cut it long enough 
to cover the full length of the top slot section of the coil, and 
wide enough to make a snug fit across the slot. Tlie length of 
this strip is important, because in most windings the top and 
hotom slot sections are of different lengths and the longer one 
tends to rest on the ends of a coil in the next slot. This contact 
.ihsays comes at a point where the pads of insulation between 
the layers of coil ends are hard to apply and still harder to 
place accurately. Push this separator through tlie slot from one 
end. tilting it enough to slide in easily, and then drive it flat 
with a T-slot drift. 


Fillers 

97 Sicle wedges ar^'ci 



distinguish them from 
httr Fillers arc cut from 
^'Conductors have been 
lock them in place width- 


tliL* main wedges at tl^^ 
fish paper, fullerhoard. of' 
dri\ en down, side fillers 
wise. Locking the bottom conductots in place at once lea%es 
more room for handling the top conductors and also keeps the 
bottom ones from falling out. especially from the under side 
of tile core. Driving down and locking the lop conductors gives 
the clearance iu*cessary for the top wedges; all conductors 
must be below the point where the overhang of the tooth 
starts. Consequently, it is important to lock the bottom in¬ 
ductors and wedge the tops as the winding progresses. 


Ceil Closing 

98. To protect the insulation on the conductors. Uie cells 
are trimmed with margin enough to gis e a safe overlap on top 
of the coils. All fillers for a given slot .should be in place be¬ 
fore the tells are trimmed and folded. .After the cell ends are 
turned over, a tliin fiber strip is placed on top. This strip serves 
as a slide for the wedges, preventing them from catching and 



Vp to 5 
Up to 3 


it 

A 


0,300 to n.oOO rt 

0.500 to 3 -I'j 

i to i • 

More tli.iii i 
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t-Mfiiij; iIk- colls as they arc driven in. It slunild he in one piece 
and slunild ho douhlc the lon«th of the uedgo. In fact, it may 
woll lx- cut an inch or so long and trimmed later. The extra 
length xvill take care of any slippage as tlio wedge is started and 
will also protect the coils from the wedge-driving tool. 

Wedges 

99. After the winding cells have been trimmed and turned 
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ovtT on tcjp of tlie coils, fiber wwlgw are dris cn in. Whore a 
tight fit i-s necossary. a piecv of fiber is first placvd bchveen the 
wedges and the coils. Tlic wedges are usually made in two 
l)iec< s ami are drisen in from each end of the core. A one- 
piece wedge is often us«l fw f4»«T,tcire".. \ lighter fit for every 
core can alwavs In- ly^^h^w^piccc wedges. 

Tile wedges for w .M' xtindin^s jirp-c mathines arc of three 
general types. Roth thej^M^ thickness of the fiber 

wedges depmd on the lyj^pC sBWfft'Sfze. and the weight of 
(he coils. Three types of slots'ly^lheir wedges are shown in 
Fig. 2'3. i’«:. 'h , and jC'. Siitfalsk-'dimensions for the wedges, 
in inehe.s. are included hi Fig. 23 in tabular form. Tlie maxi- 
imim thickness of the wedge is indicated hy I. and the width 
of the slot hy u\ The letter r stands for the radius of the 
rounded end of the wedge in (c. The two dimensions <1 and g 
are self-explanatory. 

'nie wedge should he longer than the slot. For a wedge 
thiekne.ss of in. or less, the extra length should bo i in.; 
fur a wedge thickness of 3 '; in. down to in., the extra length 
should lie J in. Tlie wedge should overhang the same amount 
at each end. i and i in., respectively, for the Icngtlis con- 
.sidcred. 

The tool for driving wedges into rotor slots is made from 
cold-rolk-d steel of any cross section available, and is bent and 
undercut, as .«.lu)wn in Fig. 24. Its siiapc helps it to clear end 
windings and prevents damage to coils. Tlic width a of the 
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driving face should be less than the width of the slot opening, 
and the depth b should be less than the thickness of the 
wedge. The lip of the tool is merely a guide. 

The proper wetlging of strap-wound rotors is highly im¬ 
portant. In a gO(Kl finished job, the insulation in the ends of 
the slots is undamaged because the repairman used care in 
driving in the wedges. The < ntire job is neat and the wedges 
fit tlie spaces left for tlieni. 

End Insulation 

100. Insulating material Ix-twecn the top and bottom layers 
of coil ends is called end inflation. It has two major func¬ 
tions; to insulate betwejCi ^ c<rfl ends that cross one another, 
and to fill the space btSween layers so as to prevent sagging of 
the coils under band prsssuitf- 

Tlie material i-ornmiraK- used for end insulation is treated 
duck, about 0.030 in. thick, This material has had three var¬ 
nish treatments, .\nother materiif is varnish-treated asbestos 
cloth about 0.04.5 in. thick. The asbestos will stand higher tem¬ 
peratures than the treated duck and will not shrink. 

The material selected for end insulation is wound on m 
long strips such as shown at 7 in Fig. 22. In width, this material 
must run from the clip or the coil end to the end of the fiber 
strip between the coils in the slot. 

Two or more strips of end insulation arc used, each suc¬ 
cessive outer strip In'ing wider than the one underneath it. 
The result is a stepped pad. The thicker edge of these pads is 
against the clips at tiie clip end, and against the ends of the 
c-oils at the c-oil ends. The object of the steps is to fill the 
tapered space for its full length, so as to provide a solid hed 
for the end bands. 
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Connectors or Clips 

101. The lop and bottom layers of coil loads must be con* 
noctod elfctrically at the proper points. But at the same time, 
the ends of the coils nuist be separated mechanically, becau.sc' 
if the lum! wire slionld press them together, the copper strap 
would most likely chafe or cut through its insulation at some 
point. Such a fault might well short-circuit several coils. 
Tinned copper spacers at the joints keep the layers of heasy 
leads apart. Loops of copper, called connectors or clips, 
slipped over the leads and their spacers, connect them. Eacli 
joint is soldered. 

If a spacer is loo thin, or it ii left out, insulation cutting 
is likely to hdlow tinlcsffllirL-orklQefor'fe light. As you can see 
from this esample. consitaiit attcqtlon to details is nect“ssar>- to 
avoid trouble. - ‘ 

\\ !ien the copi>er stfiap^is li^t and dead soft, spacers may 
lx- omitted. To give propel clearance for the coil ends, the con¬ 
nectors are then squeezed togetliw in the middle, forcing the 
.straps away from the center of the clip. Tlie clips then look 
like a fisiure S. and arc called figure-S clips. The figure-S clips 
that join the coil ends arc soldered with either a half-tin and 
half-lead solder or a solder having a high tin content. Tlie 
liigh-tin solder, which is properly called a lead alloy of tin 
raliier than a solder, is used when the joints must withstand 
high temperatures, or must lx? e\tra strong. Tlie tin alloy has 
a more critical melting point than half-and-half solder. It does 
not soften until its temperature is near its melting point; once 
at that iK)int. it quickly becomes fluid. 

Wedging Figure-8 Clips 

102. In order to make a tight joint, all figure-S connectors 
.should be tightened with wooden wedges before the>' are 
soldered. Using maple or other hard wood, cut the wedges on 
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a taper to fit tire spate between the clips. Eatli wedge should 
be uide enough to eos-er the clips it presses against and a 
half inch longer at each end. Drive the wedges m a h tie at a 
time until the whole circle of coil ends is arch bound. Leas e 
the wedges in place until the excess metal m the cod ends has 

been machined off. 
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Clip Insulation 

103. A finished winding is shown in Fig. 25. The insulation 
for the clips consists of caps, or bags, 1 made of 0.017-in. drill, 
which is a tough cloth. Each bag is dipped in varnish and pulltxl 
over a clip while wet. Two or more such bags are needed for 
each clip. The number of caps depends upon the maximum 
standstill voltage iK-tween the slip rings, and upon the space 
between adjoining clips. few turns of thin cotton tape tie the 
mouth of each hag tight around its straps, jnside the clip. 

Clip imiilation is applic'd before the band wire. The band 
insulation 2 in the illustration has been brought over elo.se to 
the clip insulation, as it should be. Tlie front band and its in¬ 
sulation should be kept out toward the leads, as shown here, 
both in order to hold the Icschesolitl and to cover rough edges. 
(This illustration 'how wc^es .3.) 



bonding ami Band btiulaiioii 


Recording Old Band Data .... 

104, \\ hcn stripping a rotor for repair or rew inding, the first 
step is to remove the bands. It is important to make a record of 
the following details: size of wire; number, or total width, of 
turns, or both; number of layers of w ire, whether each band is 
in one piece or is insulated into two or more sections; number 
and spacing of clips: material of the band wire and its clips, 
w hether steel or nonmagnetic material, sueli as bronze; width 
of the insulation under the bands; total thickness of band iusu- 
lation, or thickness of material and number of layers; material 
or combination of materials forming the band insulation; and 
location of eacli band in reference to the core, clips, or rear 
coil loops. 

This list of items may seem long. The details mentioned, 
howex’er. arc important and must be given careful considera¬ 
tion to insure a good tight job in rewinding the rotor. In fact, 
success in winding rotors and armatures can come onh' with 
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close attention to details. .\s the winding is stripped, the in¬ 
sulating and filling material and its position between layers, or 
coil supports, and so on should be carefully checked. .\ good 
winding job must be correct mechanically as well as electri¬ 
cally. 

Band Insulation 

105. n>c insulation under the wire bands should extend at 

least i in. past the last turn of wire, on each side of the band, to 
insure proper tTcepage distance, .^n extension of 4 in. or more 
is even better. In general, two layers of O.Old-in. mica and fish 
paper arc sufficient band insulation, but each winding should 
be checked individually for its voltage requirements and for 
the t> pe of band insulation Jt ^he band and its insulation 

at the rear end arc loops. 

Bec.iuse all bands^fird-MldeJ^-toApletely for their full 
width and circumferet^jj^B^^^atfeo selected should not 
char or ooze varnish the heat of soldering. 

The common insulation maWf^S'^are' mica and fish paper, 
treated duck, treated a-sbeitos-eloth, or combinations of these 
materials. 

B.ind Clips 

106. Sled clips, well-tinned, should be placed under the 
bands. The.so clips should be i to } in. wide. 0.012 or 0.022 in. 
thick, and long enough to permit at least A-in. turnover on top 
of the band at each end. The clips should be spaced .about 4 
slots apart, and 3 clips close together are needed where the 
band starts and stops. 

Sire of Banding Wire 

107. Tlie ncccssarv- diameter of the banding wire and the 
number of turns per band, which together make up its width, 
depend upon the weight of the coil ends and the peripheral, or 
surface, speed of the rotor. The bands, rather than the slot 
wedges, should keep the coil ends in plac-e. 
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T.ABLE N 


Sizt OF Bxs'niNi: 

Wire .\xo 

.Ai.i.oxx'able Tensiox 


DianKtrr Rotor 

Dtlsettrr of 
Barvdms Wtrv 
m. 

Maxintum Bandme Trmioa 
ee Wirv 

Ib 

la. 

Kjm) of Rotor Coil 



NS'tic or BiHbon 

Strip 

l> u. Ill 

0.029 

-SO 

SO 

10 to 1.5 

-045 

200 

200 

15 :4 

.064 

250 

400 

;^4 .xiid 

n.osi 


550 


Tabic 14 gives the diameter of the banding wire and the 
proper tension for variotis i^z^^f^iOlprs wtnind with ditferent 
kinds of c-oils. Where ^wre is best for 

all rotors lip to the 2-itln. ^1:^. B^dllijt'tension i.s the pull, in 
pounds, on the wire process. .\ banding 

machine to apply this {6IKBcU4^^^49^rchascd at small cost. 
The third i-olumn of die table gi%:cs the inaviinvim permissible 
banding tension fora rotor that has coils of wire or light ribbon: 
the last column is for coils of strap or heavy ribbon. Note that 
the banding tension deixmds primarily on the size of the band 
wire rather than on the size of the rotor. 

The number of banding wires for a rotor should be enough 
to keep tile maximum tension per wire, with the machine in 
serx ice. from 20 to 30 percent lower tlian the allowable bandinc 
tension for that same rotor given in Table 14. The proper size of 
wire for any given band is partly a matter of judgment, based 
on the type of winding and the total band tension. In general, 
the band should coxer about 60 percent of tlic coil ends, and 
the size of wire should permit this xxhile still gix ing the total 
strength required. 

Rotor banding should have a reasonable margin of safety at 
ox erspeeds. to avoid danger of breakage. It should be applied at 
not less than the maximum tension reached at overspeed. 
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ciiicfly to prevent, as far as possible, any movement of the coils. 
An in-and-out movement especially chafes the coil insulation, 
causing in time a ground or a short circuit, .\nothcr reason for 
liigh banding tension is to test the band wire for weak spots as 
it goes into place. 


Band-Stress Calculations 

lOS. The formula for the stress in each band is 


S = 2.261U 


■“(s 


\- 


loodj 


in wliich S = total stress on the band, in pounds 

\r = total weight of the coil ends, including insulation 
and banding, iii paunds 
D = diameter inches 

R = rated spcrfrt|>!|)i‘'lW|8p?y!|Fje\ olutions [wr minute 

r ( a .small rotor) and 
rpm . re\’olutions per 


in the licht-ribbon class^tS - 

niimitei. The tot.il weight ortKe'ftijlpeT^us insulation plus hand¬ 
ing on each end is approvimalcK; JR fb (pounds). 

-Assuming 0.064-m. wire, calculate a) tire stress in each end 
b.ind. b) the minimum number of turns in each hand, and c' the 
approximate width of each band. 


Example I. .A lofi 


SoLi'TioN. a) The stress in e.ich end band 

( AOOOxS 

J = 4S0<) lb ( approx.) Ans. (a) 

b) For 0.064-in. wire the winding tension, from Table 14, is 
2.50 lb- The highest stress in scA'icc should be held down in the 
e.ilculations to TO percent of this x.alue. or ITS lb per wire. Then 

the mimber of turns in each band should be at least -7=.- = 2T.-S. 

or 2S. .Atis. (b). 

c) Tlic width of each band will then Ire i2S X 0.064) -t- 
(2 X 0.012) = 1.S2 in. (approx). -Aii-S. (c). 

The .iddition of 2 X 0.012 is for the b.and clips, .md is twice their 
thickness. The xalue 1.S2 in. is the sm.alk-st width needed for 
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strength alone. If it is so narrow that too much of the coil ends will 
lie outside the band unsupported against centrifugal force \\’hen 
the rotor is up to speed, make the bands enough wider to take care 
of that factor. Judgment based on examination of other rotors is 
about the onI>' guide here. 

Ex.ample 2. rotor 17 in. in diameter (a large rotor) is to 
run at 2070 rpm. The weight of copper plus insulation plus banding 
on the rear end of this rotor is appro.dmatcly S4 lb. a) Calculate 
the atre.ss in each end band at 2070 rpm. b^ Consider that strap 
coils are used for rotors more than 13 in. in diameter, and refer to 
Table 1-4 to determine the size of banding wire for this job and its 
permissible maximum banding tension. Then, assuming an allowable 
serx'icc stress of 70 percent of this maximum, dc-terminc the number 
of turns in each band and the width of each band. 

Solution, a) The stress-in ^i^ch icqd band at 2070 rpm will be 
S = 2.261 X 84 X 171-3.899tt» (appro.x.). Ans. (ti) 

b) Table 14 shows tlwt 0.064'iB. \«'fe sSiould be used for this 
job. with a permissible batvSihg tcimoD up to 400 lb pull for strap 
coils. The allowable serxkic stress isfliea 70 percent of 400 lb, or 
280 !b per wire. Then the number o£ turns in each band should be 

at least = 49.49. or-50. ilie width will then be (50 X 0.064' 

-p (2 X 0-022) = 3-2.5 in. The heavier wire should have the 
he.ivior clips Ans. (b). 

Synchronous Motors 

Construction of Synchronous Motor 

109. Tlie sxTiciironous motor is a special type of a-c motor 
used wlien a large-sized motor which operates at a constant 
speed is needed. The construction of sx'nclironous motors difiers 
from that of a-c induction motors, and is similar to that of a-c 
generators. 

sxTichronous motor in a repair shop is shown in Fig. 26. 
The stator 1 contains a tliree-phase winding to which the a-c 
line voltage is applied. The rotor 2 contains salient poles 3 
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I -i.ii.'r 3. •uhi-nt p<'!c> 

J I..:, f J v^uifril-kji;i windmij 


Flo Ib. .s^MHKON'on Muiim 


wiiidiiiy.s are energized by direct current to keep the 
rntur in j.ynchroiiibn). or in step, with the synchronous speed. 
At the >tart. however, the windings are not energized by any 
outside source. Tile rotor would not be able to start revolving 
it .1 .••quirrel-cage winding 4 were not addl'd to liie faces of the 
pi)!< '. The current induced in the bars of the squirreUcage 
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winding cause the rotor to start revolving much like the rotor of 
an induction motor. When the rotor comes up to speed, direct 
current is applied to the pole windings and the motor keeps 
rotating at a constant speed. 

Repair of Synchronous Motors 

110. Tlie rewinding, insulation, and connection of coils in 
synclironous motors follow the pattern for other rotating ma¬ 
chines. The d-c poles of a synchronous motor arc handled much 
as the field winding on d-c machines is handled, and the stator 
winding of a synchronous motor is handled much as the rotor 
winding of induction motors is handled. 

Specific problems ariss- with the squirrel-cage w inding. This- 
winding is used for starting and to pievtnit sxtdden changes in 
spei'd while operating uiKier load. U an open circuit or a high- 
resistance connection appears in diis winding, it means that the 
starling torque is reduced> Either of Uiese faiilts on a synchro¬ 
nous-motor rotor may cause ^larks that can be seen by the 
operator if the winding is not coclosed. The machine should 
then be .shut down and a careful inspection siiould be made 
for a loose or Inirned bar in the squirrel-cage w inding. 

During the starting jx^riod. the field circuit of the motor 
should be closed through a low resistance*. The field-discharge 
resistance is often used for this purpose. If an open circuit 
should occur in the di.scharge resistance, a very high voltage 
will be induced in the field circuit: this voltage may be Iiigh 
enough to cause an arc across the collector rings or from termi¬ 
nal to terminal. When such an arc is obsersed. shut dow n the 
machine, inspect the field coik and test for .in open circuit. 

Synchronous-Motor Trouble Chart 

111. Troubles common to synchronous motors axe listed in 
the trouble chart in Table 15. The possible causes of the trouble 
arc gis-en and the methods of making the necessary repairs are 
indicated 



liMHiiiij; Oii.Mii iim SvNt:iiiic>Nin' Moioiis 


106 


.•VLTERNATaNC-CuRRENT MOTOR RePAIB, P.ART 2 
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A-C ]Motor Repair 

Part 2 

Examination Questions 

Notice to Students.—Study this instruction text Ihorouchly before you 
answer the following (juestions. Read each question carefully and be sure 
vou understand it; then write the best answer you can, If the answer 
involves a mathematical solution, show enough of your work to indicate 
lio\s- you obtained your answer. tS'e will not accept answers alone, ^^’hen 
you complete your work, examine it closely, correct all the errors you 
can find, and see that exery question is answered; then mail your work 
to us. 1)0 NOT IIOI.I) IT until arsothcr examination is ready. 

1. In whal yvay is the wave winding of an a-c indnetion motor 
different from the a) wave winding of a d-c motor? b) lap 
winding of an a-e motor? 

2. How can you tell at first glance whether a rotor is of the 
squirrcl-cage or the wound type? 

3. Why is a three-phase rOtor piftferred to a two-phase rotor 
even with a two-plnise stator?-'"' 

4. Why are onc-piccc coils more used in wave windings than 
two-picce coils? 

5. 63-slot rotor is available for a three-phase 6-pole motor. 
a ; What will be the number of slots per pole per phase it 

wave winding is used? 
b j Will the rotor be suitable for this motor? 
c) Why? 

6. How can the surface of a worn ke\Avay or shaft be built 
up? 

7. \Vln' are some short pitches necessary in a-c wave wind¬ 
ings? 
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8 . What faults on a lap-wound rotor ma>- be determined by 
a balance test? 


9. In a wave winding with 4i SPP, how many slots arc in the 
fll winding pitch? b) back pitch? c) front pitch? d) short 
pitch? 

10 . \\’hen placing a new ring in a squirrel-cage winding, what 
precautions should be taken to secure the original full-load 
speed? 


11. 144-slot 24-pole three-phase rotor winding has 2 SPP 
Give four other combinations of poles and slots per i>oIe 
per phase that can be this rotor. 


12 . 




.■\n a-c motor is provided w’fitt'airoior having a diameter 
of 18 in. V .jL- 

a) What size bandjt>jf.*lslse:j^ 0 ^d^c used? 

b) What tension should be.ijppliod to this banding wire 
during its application if strap conductors arc used? 


13. A wave-wound rotor with 144 slots has been selected for a 
12 -pole motor. 

a) Write down the numbers of the slots from which the 
phase leads for phase B emerge. 
b' Write down also the numbers of the slots which contain 
phase coils for phase B if four conductors per slot are 
used. 


14 During the test of a rotor with completed wave \\’indings 
but with free phase leads, the tester has determined an 
open circuit between leads Bj and B,, a closed path be¬ 
tween C 4 and C.. and an oix-n circuit between .A-, and A*. 
a: What do these findings indicate to the tester? 
b; Why? 
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15. Tlic u avc-wouncl rotor for a 10*polo motor has been 
brought to the repair shop. The wintlcr has clctenninecl 
that 2 Loncliictors per slot are used and has identified llie 
bottom lead A . He then counts 4 dips between .A- and 
the next free top lead on one side and 10 dips to the next 
free top lead on the other side. 

(II Wliat i.s the Sl’i’ value for tlii.s rotor'r 
h' Explain the method you used to find the SPP value and 
prove the result by another method. 

Cl What i.s the total number of slots in the rotor? 

.Answer the follnwing niicstiom by eiving the inimher of the <iueUioii 
nncl the teller iii<licat!nc the answer lhat >ou ihink is the correct one. Do 
not strile out the answer. < . 

16. A syndironous inotor^ff^WdiJhtl^Snt^-pair .shop with the 
complaint that it d<||.-t n»)i( litW ;Whp. The repairman 
knows that the reascb^ ^ -~ 

A. unbalanced and ^ 

B. Iiigh icsistance in the $( 1 [mrreli<i 9 i!igb inding. 

C. too low a fifld current. ' ' 

D. wrong armatwe eonnecHons. 

17. If a squirrel-cage rotor is very noisy and hot during motor 
operation, an e.xperienced repairman will know lhat the 
rotor has a 

A. ground. C. short circuit. 

B. loose connection. D. wrong coil connextion. 

18. The winding insulation used on coil rings is considered a 
part of 

.V. core insulation. C. winding colls. 

B. .slot insulation. D. cud insulation. 

19. Specially prepared short leads on phase coils are necessary 
only when 

A. the coils arc large and heavy. 

B. SPP is fractional. 




4 


Alterx.\tixc-Cvrrej<t NioTOR Rzpaib, Part 2 

C. the coils are of Ac rf^l-hand type. 

D. the short pitch is not used. 

20. If a 3-SPP winding willi 24 pol« is to he rewound for 26 
poles, the new rotor shoul9 !ia\ e 
.4. 20 slots. -34 slots. 

B. 224 slots. D- 252 slots. 



